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DIGEST 


Liquefied Natural Gas for Britain? 


COOSASIENS of gas flares at the oilficlds and fuel 

shortage in many other parts of the world has long 
been a technical challenge. Latest contribution* to the 
series of studies on liquefying natural gas for shipping to 
users gives the process a qualified approval. Using a plant 
treating 400 million cfd of gas the cost of liquefying and 
delivering the gas from Venezuela to Great Britain was 
estimated to be 26 cents a mcf exclusive of interest or taxes. 
It is therefore considered to be competitive as a means of 
supplying fuel in the North Sea area, “if a source of 
natural gas can be found where the cost of the raw materiai 
is cheap.” It may also be wise to invest in equipment to 
enhance the value of the products of liquefaction. Profit- 
ability can be improved by fractionally separating ethane, 
propane and butane. The study was based on the use 
of cascade liquefaction using the propane-ethylene-methane 
cascade cycle. The conclusions were not dissimilar to 
those last year of Dr. J. Burnst—now president of the 
Institution of Gas Engineers—who considered the process 
of interest to Britain but qualified this by saying that 
economic margins must depend on the price of the gas. 
Dr. Burns thought that a prima facie case had been made 
out for constructing and operating a trial ship but there 
is yet no news of the Gas Council adopting this project. 
*Lederman, Peter B., and Williams, Brymer. Pet. Ref., 1957, 36, 

No. 8, p.169. 


*Burns, J. and Clark, L. J., Institution of Gas Engineers, 
Communication No, 484, 1956. 


A New Method of Flange Design 


ON of the shortcomings of that well known guide to 

the mechanical design of process vessels, B.S.C. 1500, 
is the absence of a method for estimating the dimensions of 
bolted flanges. As a consequence, reliance has been 
placed in the past upon such procedures as that of the 
Taylor Forge Co., a method which many of us felt pro- 
duced unnecessarily heavy flanges. The appearance there- 
fore of an all-British method of flange design is quite an 
event. This latest method attempts to take into account 
the occurrence of plastic strain in the shell of a vessel, 
whereas the previous methods assumed elastic conditions 
only. In this process of design the peak stresses in the shell 
are calculated on the assumption of elastic conditions. 
Consideration is then given to the conditions under which 
these stresses reach the yield point. Three formula are 
derived for the hoop stress in the flange depending upon 
whether the stress conditions in the shell remain elastic, 
partially plastic or fully plastic. For elevated temperature 
applications the procedure allows for bolt relaxation and 
guidance is given for selecting suitable values of initial bolt 
tightening stress and bolt pitch. Flat gaskets may be used 
if the product of design pressure (p.s.i.) and flange I.D. (in.) 
is less than 25,000. A simple formula is given for making 
a preliminary estimate of flange thickness and a final figure 
is estimated from the largest of the values given by the 
three formule derived from the theoretical analysis. The 
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OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


method can be used for the design of taper hub flanges. 
A full account is to be given in the near future by the I.C.I. 
(Billingham) Engineers, Messrs. G. F. Lake and G. Boyd, 
to the Institution of Mechanical Engineers (Chart. Mech. 
Eng., 1957, Sept., 345). 


Advances in Titanium Technology 


Two new developments have recently been reported in 

the technology of titanium. Armour Research 
Foundation have announced a cold chlorination process 
for production of titanium tetrachloride, used as an inter- 
mediate in the manufacture of titanium. The current 
100-year-old high-tempcrature chlorination process requires 
rutile as the starting material but the cold chlorination can 
be applied to such low-titanium ores as ilmenite and care- 
ful cost estimates indicaie that it is financially competitive. 
The Foundation are now seeking an industrial sponsor for 
a development programme. Meanwhile Boeing Airplane 
Co. have stated that progress is being made in forming the 
titanium sheet metal by working at temperatures above 
800°F. While formability was satisfactory, the conven- 
tional die lubricants broke down at these temperatures. 
Satisfactory lubricating properties were found in glass frits 
which prevent galling between the dies und the parts, and 
also decrease the oxidation of the parts. Special glass 
compositions have now been developed. They are made 
up in organic suspensions and have indefinite shelf life. 
After the forming operation they are readily removed in 
hot 10-30% caustic soda solutions. 


Exploiting the Free Piston Gasifier 


GEVERAL companies have now completed their initial 

running tests on free piston gasifiers manufactured in 
Britain under licence. Although the first patents for this 
power gas generator were taken out before the first world 
war it was commercially developed only after ihe last war, 
in France. The free piston gasifier may be considered as 
a supercharged Diesel engine, working on the two stroke 
cycle, with opposed pistons. Used as a source of power 
the free piston engine system consists essentially of three 
elements. There is a gasifier used solely as a gas generator, 
in which the power gas is heated and compressed to 
approximately 850°F. at 45 p.s.i.g. This is connected to 
a gas collector and a turbine in which the power gas is 
expanded to convert the gas energy into shaft horsepower. 
A range of gas turbines has been designed for use with the 
gasifier for electrical generating sets, marine propulsion, 
pumping sets and the like. For example I.CI. are using 
this system to drive a 13,000 h.p. gas compressor plant on 
the oil cracking unit at Wilton. Yet chemical applications 
may come to be of comparable importance. About two 
years ago Prof. B. H. Sage of the California Institute of 
Technology reported that he had been able to attain 
6,000°C, and 7,000 atmospheres pressure in a free piston 


- engine. This opens the door to fresh domains of possi- 
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Prof. 
has submitted to IJndustrial and 
Engineering Chemistry a new paper describing his equip- 
ment in detail and giving some of nis preliminary results. 


bilities of chemical reactions. Sage has now 


informed us that he 


Are We Ready to Use Surplus Coal? 


S there an impending fuel surplus? This apparently 
absurd question—tflying in the face of many ollicial and 
unofficial warnings of severe shortages—is prompted by a 
recent newspaper article. In this a correspondent reported 
that the Coal Board was about to inform the Electricity 
Authority that the power station coal available in 1965 
would be sufficient to meet most of the demand for fucl 
in the power stations. The estimate was said to be based 
on the expectation that the demands of other industrial 
consumers for coal of other types would have abated. Mr. 
Maudling announced last April that nuclear energy would 
be producing electricity equivalent to 18 million tons of 
coal by the end of 1965. If coal output continues in 
accordance with the new estimates it will be necessary 
cither to find fresh uses for the coal or to slow down. the 
nuclear power or oil programmes or both. At the Coal 
Board there was no oflicial comment on the issue other 
than an acknowledgment that the figures although not 
official were quite valid. Representatives of the Electricity 
Authority and the Ministry of Fuel had even less to say. 
Yet in one sense the problem is not new but only advanced 
in its timing. No less than much else in the economy, the 
fucl balance has for long been on a razor’s cdge. On a 
long enough time scale it can be seen to have alternated 
in its anxieties: it has had periods of ditliculty in meeting 
the demand is at present and has had to close down pro- 
duction capacity at other times. The chemical industry has 
a dual interest in coal. In common with other industrial 
users it needs an assured supply of the fuel directly or as 
eleciricity. But coal is also potentially a raw material for 
organic products, possibly even for metals. Dr. Idris Jones, 
N.C.B. Director General of Research, published a survey 
of these chemical possibilities only last year, while Dr. J. 
Bronowski has placed great emphasis on the future decline 
of demand for coal as a fuel which demands greater 
attention to its other uses. So the problem created by the 
surplus will not be unexpected, nor need positive solutions 
be lacking apart from re-considerations of the direct fuel 
supply problem. Only the foreshortened time scale will be 
new. There are reports that the nuclear power programme 
may be “re-phased.” Will this also be happening to the 
Coal Board's research projects? 


Missing Models: Missing Recruits? 


DESPITE the usual gibes that fathers play with their 

sons’ toys it is broadly true that models have a special 
appeal to the youthful. That is why it was disappointing 
to sce no official chemical plant exhibits at the Model 
Engineer Exhibition in London which was well filled with 
school-free youngsters. The R.A.F. were evidently in no 
doubt of the value of showing working models linked with 
a recruitment stall. An enterprising aircraft firm was 
similarly trying to find apprentices among the visitors. 
There were in fact some static models of plant among the 
great multitude of railway, air, ship and clock models but 
the point of their display was to boost a firm of model 
makers not the creative attractions of chemical engincer- 
ing. And youth hurried by to crowd round the tethered 
but flying model jet planes and the radio controlled boats 
in the water tank. Yet the larger firms and the nationalised 
industries have attractive working models of complete 
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plants. In principle there is wide agreement that school- 
boys should be encouraged to turn to chemical engineering 
because of the serious deficits in the present intake. There 
is now increasing accommodation due to the establishment 
of the new professorships and the expansicen of several 
existing teaching departments. Perhaps some of our 
organisations and the larger firms might consider the value 
of exhibiting at this kind of show. It seems possible that 
working models might lead to working recruits. 


First British Chemical Engineering 
Exhibition 
iv is welcome news that a first-ever Chemical and 
Petroleum Engineering Exhibition will be held in 
London in the summer of next year. The scope of 
activities in these fields has grown too wide to be met 
solely by exhibits pushed in as appendages (to other 
exhibitions. Sponsors of the new venture are the British 
Chemical Plant Manufacturers Association and the Council 
of British Manufacturers of Petroleum Equipment. Over 
200 manufacturers have already booked stands. Added 
attractions for visitors will be a conference on “The 
Organisation of Chemical Plant Construction Projects” 
organised by the Institution of Chemical Engineers, and 
a programme of films demonstrating the part played by 
the chemical plant and petroleum equipment industries in 
the development of their customer industries. By a 
fortunate accident of timing this Exhibition is to be pre- 
ceded by an Institution of Mechanical Engineers Con- 
ference on the technology of engineering manufacture, in 
March, 1958, The papers to be presented at the conference 
are to deal mainly with the forming and machining of 
materials. 


Improved Liquefier for Helium 


| an improved design of helium liquefier the liquefaction 

temperature is reached in 45 minutes yielding 3 to 3.5 
l./hr. of liquid helium, Prof. Meissner and colleagues in 
Kiéiltetechnik, 1957, Part 7, 194, deseribe the changes they 
have made in their earlier machine. They have developed 
the heat exchangers and their insulation. In addition 
greater reliability is obtained by the use of a high pressure 
purifier and a helium purity controller. 1.7 kilo. of liquid 
air is used per hour for pre-cooling, and in the radiation 
shield and purifier. Of the earlier model the expansion 
machine with its transmission and generator were left 
virtually unaltered. The heat exchangers were re-designed, 
re-arranged and are now jacketed with helium at one 
atmosphere pressure to minimise introduction of air 
through pinhole leaks into the gas which is being liquefied. 
This assembly is then enclosed in a Dewar vessel. The 
high pressure purifier is continually in circuit freezing out 
oil vapour, The main clement is a cylinder containing 
adsorptive charcoal cooled with liquid air, Purity of the 
helium is checked spectroscopically. Included in the paper 
is a comparison with the American Collins liquefier. 
Meissner’s machine uses only one expansion stage instead 
of two and therefore has to employ pre-cooling. However 
the Collins machine has a longer cooling time of about 
two hours and gives very little liquid helium, while liquid 
air is a common commercial product so that, on balance, 
the authors consider that they have the better arrangement. 
Their compressor has a final pressure of 120 atmospheres, 
against the Collins’ 15 atmospheres, so that the heliura can 
be stored in steel flasks under pressures up to @ hundred 
atmospheres. The new machine has been in operation 
without any difficulties for more than a year. 
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Expansion at Loughborough 


PLANS are under way at Loughborough College of 

Technology—one of the “designated " colleges—to pro- 
vide a considerable expansion in chemical engineering 
facilities. The present floor space is being doubled to pro- 
vide over 8,000 sq. ft. of lecture room and laboratory 
space. which will be in use next session. Further increases 
in space are envisaged when the department moves to new 
buildings in about three years’ time. The greater part of 
this expansion is to provide for the greatly increased num- 
bers of students on the full time course. In addition, 
facilities are being provided for a new sandwich course, 
which is to commence early next year. This will be a dual 
or two-tier sandwich course, with an intake of two groups 
cach year, one group being at the college whilst the other 
is in industry. It is thought that this will minimise disloca- 
tion of the personnel arrangements of any company send- 
ing students. To increase the practical content in the 
full-time course, it is proposed to send students into 
industry for one year's full-time training at the end of their 
second year at the college. This would provide firms with 
a man at a fairly advanced stage of training who is able to 
spend a whole year with the company and should be of 
considerable value during this time. 


Agglomeration by Sound 


OME new designs of siren for producing acoustic 

energy economically for such purposes as agglomera- 
tion of aerosols have appeared recently. The new sirens, 
which are of the static type, descend from the whistles of 
Galton (1883) and of Hartmann (1916). The latter con- 
sisted of a tuyere and a facing cylindrical cavity in a solid 
block facing and coaxial with the tuyere. This cavity 
formed a resonator. Air was blown through a converging 
channel leading on to the tuyere at supersonic speed. The 
facing cavity then resonated by filling with the compressed 
gas and expelling it periodically at high frequency. The 
system was sometimes placed at the focus of a para>oloid 
or at the centre of a reflector of appropriate form. A 
review of a number of these devices produced in France. 
U.S.A.. Denmark and Austria which employ the system 
of aerosol agglutination and of the efforts to improve 
their power dissipation properties are described in a recent 
issue of Genie Chimique (Supplement to Chimie et 
Industrie, 1957, 77, 163). 

Some representative figures are given for a_ unit 
described as a robust industrial apparatus needing little 
maintenance. It is the French design RB 10 usable for 
de-dusting at high temperatures ; it can be designed for use 
at 800°C. At 10 k.c./sec. the acoustic power available is 
about 500 W using 85 cu. m./hr. of compressed air at a 
pressure of 3.6 kg/cm?; at 33 k.c./sec. the power is a 
little lower, air consumption about 40 cu. m./hr. and pres- 
sure 2.8 kg/cm?. Frequency can be taken up to 200 k.c./ 
sec. and efficiency can reach 10-20%. The original Hart- 
mann whistle had the weakness that power was inversely 
Proportional to frequency but the new multi-whistles with 
horns can produce any acoustic power desired independent 
of frequency. 


Data for Design 


PAPERS presented at two recent conferences should 

greatly help to reduce the zone of “guestimation” 
which forms an inevitable part of many designs due to 
inadequacy of available data. In London at the Institution 
of Mechanical Engineers the main theme was the thermo- 
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dynamics and transport properties of liquids. This included 
accounts of many fresh determinations of properties and of 
some redeterminations. Proceedings are due to be pub- 
lished by the Institution. A somewhat wider scope was 
covered by the symposium on chemical engineering data 
and calculation methods held in Seattle, Washington, 
U.S.A. Organised by the American Institute of Chemical 
Engineers this also comprised many papers on thermo- 
dynamic properties but extended to include examples of 
the use of machine computing in design. 


Minding Your Stocks and Queues 


T= mathematical theory of queueing can be applied 

with equal success—or failure—to studying the size of 
factory stocks, the patient ladies in groccrs’ shops or delays 
in civil aviation. Production controllers prefer large stocks 
of raw materials and maintenance spares to avoid holding 
up manufacture while accountants want to minimise the 
capital locked up in this way. For certain types of cases 
mathematicians can recommend an optimum stock level. 
A general review of the work done on this subject is pub- 
lished in British Coal Utilisation Research Association 
Monthly Bulletin (1957, 21, No. 6, p. 249) by F. Fereday 
with a selected bibliography. In its most simple form the 
problem of the queue is that a certain operation A has to 
be applied to objects B. The operation itself takes a certain 
average time while the objects B arrive at certain intervals 
of time. Usually the individual times vary considerably 
and there is a likelihood of a qucue of objects B accumu- 
lating to await the operation A. The problem is to study 
the size of the queue and the time of delay. Alternatively 
losses or delays of other kinds may be caused Uy running 
out of the objects B. The majority of qucue problems are 
said to be resistant to analysis unless the input is random 
(i.c. a Poisson distribution) and the output of a simple 
type. preferably a negative exponential. Alternatively 
problems can sometimes be solved by sampling experi- 
ments. which tend to be expensive, or by the use of an 
electric analogue computor. On balance, Fereday recom- 
mends mathematical solutions adopting if necessary an 
over-simplified mathematical model. 


Estimating Heats of Combustion of 
Aircraft Fuels 


ALTHOUGH it seems unlikely to have much application 
in British conditions it is interesting to note the 
empirical equation developed by the U.S. National Bureau 
of Standards relating the heat of combustion of aviation 
petrol to the proportions of various hydrocarbon types 
present. Samples of forty fuels were analysed by a 
standard ASTM procedure of silica gel adsorption into 
saturates, olefins, and aromatics. The saturate fractions 
were further analysed for paraflins and naphthenes. 
Measured heats of combustion were then fitted by the 
method of least squares to a lincar combination of the 
weight percentages of paraflins (P), naphthenes (N), 
olefins (O), and aromatics (Ar). The equation which 
relates net heat of combustion [Q/, (net)], in Btu./Ib. to 
weight per cent of the hydrocarbon types is as follows: 

Q/,» (net) Btu./Ib, = 190,892 (P) + 138.80 (N) + 176.73 
(O) + 172.65 (Ar). 

Announcing this, the N.B.S. added the iraportant reserva- 
tion that this is an empirical equation which is sensitive to 
factors that vary from one class of fucl to another. It 
applies to fuels where the boiling range and other pro- 
perties are seriously restricted by specifications so that the 
hydrocarbons of which the fuel is compcesed are limited to 
a small group of related compounds within each hydro- 
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carbon type. The decision to recommend the use of this 
relaiiunship followed investigation of five possibilities such 
as the relation of heat combustion with the aniline point, 
API gravity and other nroperties. This one proved to give 
the lowest standard deviation of differences between 
“ calculated and determined values. The purpose of the 
exercise was to permit estimating of the heat of combustion 
by other propertics “within the test capacity of most oil 
companies’ laboratories.” 


Methods of High-Speed Photography 


"THERE are many processcs—such as atomisation or 

deveiopment of explosions—where high-speed photo- 
graphy has greatly advanced our detailed understanding 
of what is happening. To meet the increasing uses in many 
branches of science and technology the varicty, range and 
precision of methods available for photographic recording 
of fast phenomena has been increasing rapidly. The 
capabilities of the newer techniques have been classificd 
recently by J. S. Courtney-Pratt* in terms of kind of record 
obtained. Streak records with drum cameras can give a 
time resolution of 10—" sec.; rotating mirror cameras at 
present approach 10—* sec. and may eventually achieve 
$ x 10-* sec. Deflecting image converters may go much 
further. Single flashes of light, bright enough for silhouette 
recording, can be as short as 10-* sec., and for reflected- 
light recording 10—’ sec. for near objects, or 10—* sec. for 
a ficld of view a metre square. Kerr celis can operate 
with an exposure of 10—* sec., and image converter tubes 
10—-* sec. Several pictures can easily be taken at short 
intervals super-imposed on the one plate. Framcs may be 
separated by intermittent film movement at rates less than 
300 pictures per second (p.p.s.); or for speeds up to 104 
p.p.s. by using continuously moving film and_ short 
exposures, or by using some form of image movement 
compensation where exposures are a significant propor- 
tion of the interframe interval. With smaller pictures of 
lower resolution, higher speeds are possible. Combinations 
of methods provide means for taking a series of 50 pictures 
at rates of the order of 10° p.ps. 


*Courtney-Pratt, J. S., Reports on Progress in Physics, 1957, 20. 


Do Organic Fertilisers Cause Food 
Poisoning? 
ALMONELLA infection in man and animals in this 
country is relatively common and grows commoner 
every year. J. H.C. Walker after a careful bacteriological 
investigation (Lancet, 1957, 273, 283) suggests that this may 
be connected with the use of fertiliser derived from human 
and animal sources. This gives a fresh twist to the dis- 
putes between the extremist fertiliser schools—muck-and- 
mystery versus synthetics. Dr. Walker obtained 123 
samples of organic fertiliser from ordinary suppliers and 
specimens of dried sludge from various parts of Kent. 
Bonemeal proved to be the most heavily contaminated. It 
was noteworthy that the three types of Salmoncllx most 
often isolated from the fertilisers Salm, senfterberg, 
taksony and anatum are high on the list of those isolated 
from human cases and practically all the other types found 
have been reported from man and animals within the past 
few years. The organisms had evidently survived passing 
through sludge processing plant and the extent of heat 
treatment involved in some of the manufacturing pro- 
cesses. It was later reported in the general Press that some 
suppliers claimed their brands of dried sludge to be sterile: 
they were made after boiling with sulphuric acid and were 
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checked by a public analyst before sale. This compromise 
is not likely to placate the advocates of muck for they 
emphasise the value of supplying living organisms to the 
growing plants. But which organisms? 


Improved Refractometer 


REFRACT OMETRY is now a widely practised means of 

controlling processes and news of improvements can 
be expected to arouse interest in engineering circles. A 
recent development relates to a differential refractometer 
capable of measuring accurately very small differences in 
refractive index. An instrument of this type can be parti- 
cularly useful for controlling chemical and physical pro- 
cesses including chemical reactions themselves and mass 
transfer operations like distillation. In an _ instrument 
described by Bodmann (Chemic-Ingenicur-Technik, 1957, 
29, Part 7, 468), the difference in refractive index, for 
example, between dilute solution and a pure solvent, is 
measured by the angular change in path of light rays pass- 
ing through a differential prism. In the instrument the 
cuvette resembles a Zenger prism, in other words it consists 
of a rectangular container divided diagonally into two 
parts one containing solvent and the other the dilute 
solution. The present instrument has an optical arrange- 
ment resembling a spectrometer and the brightness distribu 
tion in the image of the spectrometer analyser is phot - 
metrically determined. Thus the shift of the brightness 
maximum or other reference point of the distribution 
curve, is accurately determined and is virtually indepen- 
dent of the aperture of the optical system. With this 
improved instrument, differences in refractive index in the 
region 0 to 4 x 10° can be measured with a repeatability 
of 2 x 10-’. The relative accuracy is +0.05%, the 
absolute +0.1%. The apparatus is also usable for normal 
measurements of refractive index. For this purpose the 
differential prism is replaced by a simple prism. In the 
range of refractive index between 1 and 1.55 an accuracy 
of 3 x 10-* can be attained. 


Research on Industrial Fires 


OYLY secreted near the end of the Fire Research 

Board's 1956 Report® are a few notes on the work 
of a committee sect up to study industrial fires and 
explosions. Priority was recommended for studies on relief 
venting of explosions, operation of flame arresters and the 
development of detonation in long pipe lines. Reviews 
have been prepared on “ certain aspects of explosions,” on 
detectors for flammable gases and on ignition by friction 
sparks or electrostatic discharges. The review on explosions 
has been published.t At the Safety in Mines Rescarch 
Establishment associated work has continued on problems 
of the dust-explosion hazard in factories. An impressive 
list of industrial materials were found to produce class | 
dusts that ignite and propagate flame readily. They include 
para-nitro-ortho-toluidine, meta-nitro-ortho-toluidine, lami- 
nated plastics, aluminium stearate, carbonyl iron and 
atomised zinc, as well as the fairly well known hazards, 
cocoa and wood flour. A coal and pitch mixture was 
placed in Class 2, defined as “dusts that ignite readily but 
require a more severe source of ignition than those placed 
in Class 1." §.M.R.E. also reported ficld scale tests on & 
commercially developed isolation valve for limiting the 
spread of a dust explosion through ducting in factory plant. 
*Fire Research, 1956. H.M.S.O. 1957, 4s. 
tPalmer, K. N. Progress Review No. 38:J. Inst. Fuel, 1956, 

29, 293. 
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Maintenance and Design 


which are to do with its maintenance are the least 
heralded or honoured; and if today there is a growing 
interest and recognition of its importance to the economy 
of industry, it remains in many quarters the Cinderella 
of functions. For many years its status was appallingly 
low and its practice was typified by the breakdown gang 
armed with the crudest of tools. 

Now that scientific methods are invading long-estab- 
lished areas of inefficiency throughout industry, we can 
expect a substantial change in attitude to this function. 
For one thing, proper accounting methods are revealing 
some astonishing facts about the fruits of poor main- 
tenance. In the U.S. chemical industry, which is charac- 
teristically more frank about its internal situation than 
our own, investigations of maintenance costs have revealed 
costs comparable to total profits in a number of under- 
takings. In this country, where industry has avoided for 
many years a rational approach to this mundane matter, 
we can be sure that in many of its sections a similar rela- 
tion of profitability to the maintenance cost still holds. 

From what can be seen at many modern plants it is 
clear that the need for good maintenance is becoming 
widely recognised. On the other hand, at some of the 
smaller processing plants, where, for example, batchwise 
processes or high raw material costs prevail, methodical 
maintenance is noticeably absent. 

To the engineer bent on making his company’s plants 
more profitable a number of courses are open. He may 
wish to install labour-saving equipment, he may _ seek 
greater Output and better quality through the use of auto- 
matic process-control devices, or he may improve con- 
ditions in other ways to gain higher yields. Of these 
courses, the first two require capital expenditure and the 
last has a theoretical limit. But maintenance has no 
theoretical limits and only infrequently requires additional 
capital outlay for its practice. Again, since in the past it 
has not been approached rationally, it is all the more a 
fertile field for improving process economy. 

There are at least two aspects of maintenance which 
command attention: in the first place, there will be the 
incorporation of features conducive to low maintenance 
costs at the design stage; in the second the system of 
maintenance to be operated. In the majority of cases the 
desire to “mend before it breaks” will determine the 
character of any rational scheme rather than the opposite 
practice of replacing after a failure. However, we should 
not be too dogmatic about this, because replacement is 
sometimes the better course where, for example, corrosion 
occurs. 

Preventive maintenance, as it is called, is gaining in 
popularity and is well established in many spheres of 
industry. We would sound a soft note of caution for it is 
not a panacea—it will neither prevent all failures nor is it 
invariably the most economical course to adopt for all the 
equipment of a plant. Especially is this so where replace- 
ment of cheap components is the better practice. But 
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applied with wisdom and discrimination it has a great 
potential as a reducer of costs. It is especially valuable 
at plants where continuous processes are carried out, for 
in such cases shut-downs may mean serious loss of output, 
coupled sometimes with damage arising from interruption 
of the production process. A further justification, and by 
no means less important, for this kind of maintenance is 
that mechanical failure may endanger human life. 

To be really effective, however, any system of main- 
tenance needs co-operation from operating staff, who 
would do well to appreciate whai is good and what is bad 
for the equipment in their care. Furthermore, the assign- 
ment of a degraded status to a maintenance department 
and a rigid departmentalism on the part of other branches 
of a works are other obstacles to successful maintenance. 

But the maintenance engineer alone is not responsible 
for keeping a plant on stream, for, however capable he 
and his team may be, if the plant is poorly designed and 
with no eye to its maintenance, he will have the utmost 
difficulty in keeping it in operation. Low maintenance costs 
in such circumstances may be quite unobtainable. At the 
design stage it is an easy matter to stress the cost of a 
plant rather than the cost of maintaining it, because the 
former is easily obtained but the latter is not. This is no 
reason, however, why features conducive to low main- 
tenance costs should not be included at the various stages 
of design. If, for example, at the basic design stage it is 
found that a certain distillation column requires so and 
sO many plates, and if a risk of fouling attends the pro- 
cess, then the type of plate selected should be suitable for 
these conditions and the prime consideration in spacing 
them should be accessibility. 

When the fundamental design is being clothed in its final 
mechanical details it the time for even closer attention to 
the maintenance angle. At this stage it will be necessary 
to decide whether or not certain plant ancillaries are to be 
duplicated in order that one may serve as a standby. There 
is an objection to duplication, because standby equipment 
often represents a large expenditure of capital which earns 
nothing while it is idle. In some environments such equip- 
ment may deteriorate to the point of uselessness without 
ever having been used. It may be far better to rely upon 
systematic maintenance of a given unit rather than resort 
to duplication. When it comes to the general layout, 
models of the plant can help to ensure that the design 
provides accessibility and easy removal of plant com- 
ponents. At this point the views of a maintenance engineer 
can be very useful. 

One aim of this journal is to contribute, in however 
humble a manner, to greater economy in the chemical and 
allied industries, and, although the purists might regard 
maintenance as outside the scope of the chemical en- 
gineer, the subject affects process econcmy too greatly for 
him to ignore. Hence our plea that maintenance should be 
considered at all stages in design and that scientific 
methods of maintenance be more widely applied, and let 
the maintenance engineer have a worth-while status. 
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MODES OF CONDENSATION AND 


THEIR EFFECT ON HEAT TRANSFER 


The author reviews the method whereby increased rates of 


condensation may be obtained by promoting dropwise condensation 


by H. HAMPSON, M.Sc. (Tech.), M.I.Mech. E. 


MPROVEMENT in the design of heat exchangers may 

be aimed at a reduction in volume, weight and cost, or 
towards a reduction in the overall temperature difference 
between the two or more fluids involved. Where the mode 
of heat transfer involves two fluids separated by a metal 
wall, there will be three principal resistances to heat trans- 
fer to be considered, viz., the two arising from the heat 
exchange between the fluids and the wall and the resistance 
of the wall itself. If the pressure difference between normal 
fluids is small, the required thickness of the metal wall is 
usually reduced so much as to make its resistance to heat 
transfer negligible with respect to the resistances of the 
fluid to wall effects. 

In many applications, the thermal resistances, both of 
the wall and one of the fluids, are negligible relative to the 
other fluid. For example, if water flows at a normal 
velocity through a tube in order to cool a gas on the other 
side, the tube and water side resistances will be negligible 
compared with that of the gas on the outside, and most 
of the temperature difference between water and gas will 
occur on the gas side, and the heat-transfer coefficient on 
the gas side will determine the size of the heat exchanger 
required. 

In general, and certainly with steam, a condensing or 
boiling process gives a low thermal resistance relative to a 
simple natural or forced convection process without change 
of phase in either direction. Where condensation takes 
place on one side of a tube wall and boiling on the other, 
the thermal resistances set up by the fluids may be so small 
that the tube wall becomes the most significant resistance. 
For thermodynamic reasons it is desirable to keep the 
overall temperature difference quite small in cases such as 
the one quoted, and if the steam-water substance is in- 
volved on both sides, small pressure differences will follow 
and the tube-wall thickness may be determined more by 
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the strength required for handling during construction than 
by heat-transfer requirements. In such cases, it is worth 
while to investigate any possible improvements in either 
the condensing or the boiling process. It must be appreci- 
ated that tube-wall surfaces become contaminated during 
Operation, usually by substances carried by the liquid or 
vapour in extremely small concentrations. These substances 
become concentrated and are deposited at the tube walls 
in both cases—i.e., condensing and boiling—and even if 
remaining in a gaseous state affect considerably the heat- 
transfer process. The rate at which the contamination 
accumulates can only be found by experience, and may be 
a major factor in the design of the heat exchanger. Never- 
theless, it is desirable to study the more readily definable 
processes of condensation and boiling, without contamina- 
tion, on the assumption that the contamination problem 
can be solved by periodic removal or by chemical methods 
of prevention. The possibility of an improvement in the 
condensation process will be discussed in this article. 

A pure vapour condensing on a chemically-clean surface 
will form a continuous film. This will constitute a thermal 
resistance additional to that of the boundary layers nor- 
mally occurring when the vapour flows over the surface 
without condensation, since heat transfer by conduction 
through the liquid is the only mode possible if the layer is 
thin and viscous flow determines any movement in it. It 
is desirable to make the film thinner, or to eliminate it, 
or to reduce its thermal resistance by inducing turbulence 
in it by a higher flow velocity of the vapour outside it. 
The elimination of the film will involve the least adverse 
effects, and this can be achieved by changing the surface 
conditions in such a way that a continuous film would be 
unstable. Three interfacial tensions are involved (interfacial 
tension is a conventional substitution for the surface mole- 
cular forces) at the solid-vapour, liquid-vapour and solid- 
liquid interfaces. If y.0, vio, ya Tespectively represent these 
interfacial tensions, the film will break and contract into 
droplets if: 

Z = Yse — Vig — Yst <1 
Z being the “spreading coefficient”. In terms of the “sur- 
face tension” of the substance, y., and the contact angle, 
measured within the liquid, of a static drop of the con- 
densed fluid on a solid surface. 
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Z = Yig (COs g — 1). 

It is assumed here that the liquid and vapour are a single 
substance. 

The easiest method of changing the surface conditions 
is by treating the solid surface with some substance— 
generally known as a “promoter”—and this can be readily 
effected, when water vapour is condensing on the surface, 
by smearing the surface with a hydro-carbon compound 
which makes the surface non-wettable by water. When this 
is done it is found that the excess of the compound, which 
would itself form a thermal resistance, is fairly quickly 
washed away, provided the saturation temperature of the 
condensing steam is higher than the melting point of the 
hydro-carbon compound. Hydro-carbons of the paraffin 
type quickly disappear completely, but substances such as 
oleic acid, lauric acid and mercaptans on copper-bearing 
metals were found to give non-wettability for appreciable 
times. 

The improvement in heat-transfer coefficient obtainable 
in laboratory tests by the substitution of a non-wettable 
surface giving “dropwise” condensation of steam for a 
chemically clean metallic surface giving ‘filmwise” con- 
densation is of the order of 10 to 1. For the more com- 
mon case of steam condensing outside a tube with cooling 
water flowing inside it, the resulting overall coefficients 
are compared in Fig. 1, taken from the results of tests in 
which the steam was condensing at atmospheric pressure, 
and in order to reduce the heat load (a condition which 
tends to give higher filmwise coefficients) the mean cooling 
water temperature was about 193°F (90°C). In order to 
obtain these high coefficients, the steam must be free of 
non-condensable gas which will reduce the steam-side 
coeilicient to a small fraction of its value for gas-free 
steam, but which will still be higher than for filmwise con- 
densation with the same steam. The steam-side coefficient 
can be estimated only to a low order of accuracy due to 
the experimental difficulties of measuring temperature dif- 
ferences between the tube surface and the vapour of the 
order of 4-4°F for dropwise condensation. For gas-free 
steam it is of the order of 20,000-40,000 Btu/ft®? hr °F for 
dropwise condensation at atmospheric pressure and is 
practically independent of the condensation rate (heat 
load), whereas for filmwise condensation the value would 
be about 2000 Btu/ft? hr °F for similar conditions, with 
somewhat higher values for small heat loads. 

These high coefficients are obtainable with what may be 
described as “ideal” dropwise condensation with which 
the drops are spherical segments (or appear so to the eye, 
even on vertical surfaces) having a nearly uniform contact 
angle around the pheriphery of the contact of drop with 
surface. A sign of the imminent commencement of break- 
down of the non-wettable surface condition is given by 
the drops appearing flatter and less regular in shape and 
tending to leave “tails” of water as they grow to maximum 
size and roll off the surface. As the progressive break-down 
of the surface occurs, the “mixed” state of condensation 
appears and with these conditions the overall heat-transfer 
coefficient falls rapidly towards the filmwise value (Fig. 2). 


Duration of the Condition of 
Non-Wettability 

The longer duration of non-wettability with water is 
attributable to the COOH group or the active sulphur 
occurring in the substances referred to which are chemi- 
sorbed on the copper, and as a result of the polarity a 
mono-molecular layer, oriented with the CH; group out- 
wards from the surface, is left when the excess is washed 
away. This explanation has been substantially confirmed 
by Emmons' who deposited mono-layers on a copper 
plate and showed that one layer was sufficient to produce 
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Using pure gas-free steam: Fig. 1(a) left, effect of excess of 

oleic-acid type promoter; (b) drop formation at top, middle, 

and bottom of flat surface with a very high heat-transfer 

rate, the bottom carrying many times more condensate than 

the lower tubes of a power-station condenser; (c) change of 

form of condensation with time for stainless steel promoted 
with oleic acid. 








non-wettability. The COOH group does not produce a 
bond which will stand up to continuous condensation for 
a length of time which would make the treatment feasible 
in industrial practice. In the earlier work, there was an 
indication on test, and some justification in theory, that 
the longer claim “fatty acids” gave longer durations of 
dropwise condensation, and that mercaptans or mixtures 
of mercaptans and “fatty acids” gave still longer “lives”. 
Hydro-carbon compounds containing sulphur or selenium 
were therefore synthesised by Dewar and Blackman at 
Queen Mary College, London, for use on copper-bearing 
metal surfaces, which are the ones most commonly found 
in industrial heat-transfer apparatus involving the con- 
densation of steam. An account of the synthesis of these 
and other compounds will be found in the Journal of the 
Chemical Society’»* and information on the subsequent 
tests will be found in the same journal." 

Dewar and Blackman made tests of the durability of the 
dropwise state of condensation, using their compounds on 
copper, brass and cu dro-nickel tubes in small cells with 
the steam recirculating from a boiler below each cell. They 
were embarrassed in their comparisons by the long dura- 
ticns exhibited, and eventually ran tests of 500 hours with 
visual inspections, after which times it was possible, after 
some experience, to detect some small visual differences in 
the surfaces; some surfaces, however, showed no change 
after 4000 hours’ continuous operation. These long “lives” 
of the surfaces have been confirmed at the laboratory of 
the Heat Division of the Mechanical Engineering Research 
Laboratory of the Department of Scientific and Industrial 
Research, where a more systematic examination of the 
“promoters” and the effects of various factors not met 
with in the laboratory tests is in progress. 

Among the factors which seem to influence the break- 
down of the simpler promoters under laboratory condi- 
tions was the ingress of air into the condenser on shut- 
down overnight, and the presence in the steam of small 
quantities of unknown contaminants.'.*:" It was known 
that, as a result of water contamination or water treat- 
ment “industrial” steam contained a great variety of gases 
in minute concentration. A number of applications of the 
promoters to condensers in operating plants have shown 
varying degrees of success, but the rates of break-down 
have not been measureable, and the surface conditions 
could only be estimated visually. A noticeable effect of 
the promoter in some cases was the retention of the 
bright polish by the promoted part of a condenser tube 
as against an untreated “control” surface on the same tube. 
In confirmation of this, Dewar and Blackman found the 
same effect in their apparatus and, indeed, with some pro- 
moters (dibenzyl sulphide and CwH:;.Si.(S.C:H;)s) the drop- 
wise condition and the brighter surface of the promoted 
part spread to other untreated oxydised and unpolished 
parts of the same tube, particularly to the lower side of 
the tube. 


Promotion of Dropwise Condensation 
by Injection 

Solutions of the promoters in low boiling-point solvents 
(ether or carbon tetrachloride) having concentrations lower 
than 0.25% had been found sufficient to promote the tubes. 
By wiping a saturated filter paper over the cleaned metal 
surfaces, the cost of treatment was therefore almost inde- 
pendent of the cost of the promoter. Further, with benzyl 
mercaptans, it had been found possible to cause complete 
re-promotion of a deteriorating surface by injecting a 1% 
solution (in carbon tetrachloride) into the steam some 
distance upstream from its entry into a single tube con- 
denser used for measurement of the heat-transfer coeffi- 
cient. Dewar and Blackman found that injection of 1% 
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solutions of several of their compounds was also succesful 
in completely promoting the surface, but that with some 
of the compounds several injections were necessary. They 
noted, however, that once a small area of the metal showed 
the dropwise condition, this rapidly spread over the sur- 
face. They suggest that promoters incorporating groups 
which would make them partly miscible with water could 
be prepared, and that these should be better able to pene- 
trate through the film of water and initiate the formation 
of the required small area of promoted surface. It seems 
feasible that, in industrial plant, surfaces giving filmwise 
or “mixed” condensation could be converted to the drop- 
wise condition by injection. Some consideration must be 
given to the subsequent use of the condensate; an estimate 
of the contamination of the condensate leaving a power 
station condenser showed that the concentration of any 
possible actively corrosive substances which may be pro- 
duced in a boiler using the condensate as feed must be 
very small indeed, and should not lead to any difficulties in 
boilers operating at normal pressures. 


Other Factors Relevant to Industrial 
Applications 

It is customary in power-station practice to go to 
extreme lengths to ensure the purity and low gas content 
of the feed water and condensate in the turbine circuits. 
Nevertheless, on opening up such condensers, it is usually 
found that there is a very obvious brown deposit on the 
tubes; an analysis of this shows it to be principally iron 
oxide which is probably carried there from other parts of 
the plant. The deposit is loose and most will wipe off with 
a wet cloth. Spraying surfaces covered by the deposit with 
steam gives filmwise condensation. If such deposits occur 
during operation of the plant, the surface effect of the 
promoter will be obscured and filmwise condensation will 
occur; it has not yet been determined whether, in fact, 
the steam and condensate streaming over the surfaces of 
the condenser tubes will, in operation, keep them free of 
extraneous deposits of this nature. Moreover, the effect 
of the temperature of the steam condensing at pressures 
higher or lower than atmospheric has yet to be determined. 
The temperature may affect the bond between the pro- 
moter and metal, this is certainly the case with the “fatty 
acids”, since the melting points of the metallic soaps 
formed at the surface are in the region of 50-150°C. With 
all the chemisorbed promoters, periodic shut-down of the 
condenser and the consequent exposure of the promoted 
surface to air appears to reduce the durability with respect 
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1o subsequent dropwise condensation. Some phenomena 
are obscure. For example, a tube in an experimental 
apparatus will give dropwise condensation for many days 
in spite of frequent “shut-down” and exposure, provided 
cooling water at room temperature is continuously circu- 
lated and some steam condenses on the surface during the 
shut-down; but the tube discolours by oxydation if the 
cooling water is cut off and deterioration of the dropwise 
condition is rapid. 

These and other factors are now in course of systematic 
examination. 

Other substances such as silicones and filming amines 
have been used to produce the required non-wettability of 
metal surfaces with varying success, and usually involve 
more elaborate techniques for their application. Materials 
having a physical bond only with the surface, such as 
varnishes, can seldom be applied in layers thin enough not 
to introduce a thermal resistance commensurate with that 
of the 0.001-0.010-in. thick layer of the water film of film- 
wise condensation, and they are in any case liable to 
flake off. 

It is also desirable to develop substances which will 
give dropwise condensation with metals other than copper 
and its alloys; in particular, with stainless-steel or 
chromium-plated surfaces. If stainless steel is polished the 
surface will probably be in the form of a Beilby layer 
of chromium. The problem is therefore a similar one to 
that for a chromium-plated surface. A limited advance has 
been made in research now in progress, and dropwise 
condensation of short duration has been obtained. 

Water lends itself to dropwise condensation because of 
its high surface tension; its thermal conductivity is quite 
high relative to other vapours such as those used in re- 
frigeration work. Appreciably larger gains would therefore 
be expected if the dropwise condition could be maintained 
with these vapours. Research is also proceeding on this 
problem in this country, but so far the condition has 
been obtained for very short periods only; the “Freons” 
particularly present great difficulty. 

Dropwise condensation has been obtained with some 
organic solvents. The general line of approach has been 
to use fluorine substituted compounds or silicone resins, 
and some recent work is reported by Bobco and Gosman’ 
and associated effects by Zisman and others in the Journal 
of Colloid Science*. Bobco and Gosman used commer- 
cially-obtainable perfluorinated acids and obtained drop- 
wise condensation with atmospheric pressure for 15 
minutes when condensing the pure vapour of iso-octane, 
provided the heat load and condensation rate was low. 
With carbon disulphide vapour, dropwise condensation was 
obtained for one hour. They state that the best results 
were obtained with a fluorinated polymer used commerci- 
ally for ensuring the ready release of castings from moulds. 
The substance was stated to be almost insoluble in all 
organic solvents, and to have the low surface energy 
required for a promoter; they obtained the desired form 
of dropwise condensation consistently with iso-octane and 
a copper surface, but for low heat loads only. 

The industrial application of the fluorinated acids is in 
doubt, since they are corrosive on copper and stainless 
steel and soluble in hot organic fluids. The commercially- 
obtainable mould release they used is not corrosive to 
these metals nor soluble in hot solvents, but it is described 
as a plastic and would probably introduce an appreciable 
thermal resistance at the surface. 

There seems to be some prospect of using polytetra- 
fluoroethylene (“fluon”) for these vapours, and a layer of 
suitably small thickness was bonded on copper and in a 
test at Queen Mary College successfully withstood the 
action of a jet of steam for some time. The technique of 
application was rather elaborate and would be expensive 
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Conclusion 


The gains by promoting dropwise condensation, par- 
ticularly where high cooling water speeds or vertical sur- 
faces are concerned or where evaporation occurs on the 
other side of the tube wall, are so substantial, leading to 
a reduction in surface of the order of one-half the normal, 
that it is justifiable to pursue the development. There seems 
to be a good prospect of the eventual solution for the 
condensation of steam, but much more fundamental work 
is required in relation to the condensation of other 
vapours. 
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Gas Driers for Nuclear Reactors 


AN AIR DRIER which will remove, at the Dounreay 
experimental power project, more than 30,000 grains of 
moisture an hour at temperatures up to 90°F is one of 
three important pieces of equipment for nuclear power 
plant for which Birlec recently received orders. Initially, 
it will be required to dry the whole volume of 1,030,000 
cu. ft of air in the Dounreay sphere. Its moisture content 
of 86 grains per lb. must be reduced to 12 grains per Ib. 
within fourteen days. The moisture then will be main- 
tained at the lower level by removing the 30,000 grains 
per hour evolved by five operatives and the moisture 
evolved in the carbon dioxide adsorption plant. This 
entails moisture removal even when the relative humidity 
is as low as 5%. While the equipment must be capable 
of dealing with this high rate of work, its size and weight 
are limited. The desiccant vessels must be small enough 
to pass through access doors only 7 ft wide by 9 ft high, 
and neither vessel may exceed 5 tons gross weight when 
complete and filled with alumina. The plant is being 
supplied to the order of Thermotank Ltd. Its function is 
to ensure that, should a leak of sodium-potassium alloy 
occur, there is no moisture in the sphere which might lead 
to an ignition or explosion. 

For the Berkeley nuclear power station Birlec are to 
supply eight adsorption carbon-dioxide driers and dual 
heat exchangers, four driers to operate continuously with 
each reactor. Their purpose is to prevent condensation and 
consequent corrosion taking place in the gas system. Each 
drier will receive 115 cfm of saturated gas and will remove 
1.25 lb. of moisture per hour. Should a steam coil burst 
the system can be returned to the required dryness within 
twelve to fourteen hours. 

Four similar driers are to be supplied for the South of 
Scotland station, where they will deal with a charge of 
100 tons of CO». Each unit will remove continuously a 
maximum of over 4.2 Ib. of moisture from a gas flow of 
10,200 Ib. per hour. The moisture content of the original 
charge will be dried from 0.05% by weight to 0.03% in 
less than 24 hours, and must be returned to the latter 
figure promptly after the addition of 1 ton of CO, at 
0.05% once a day. 

Eight special furnaces are also to be supplied for Risley 
and they will be of a special twin-pot design with common 
heating and air-circulation systems. Each will anneal a 
charge of 30 metal rods, making up a charge weight of 
approximately 1350 Ib. The furnaces will have an atmo- 
sphere of argon and will operate on an eight-hour day 
basis. 
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LIQUID ATOMISATION IN CHEMICAL ENGINEERING : 


PART 3. PRESSURE NOZZLES 


by R. P. FRASER, O.B.E., M.I.Chem.E., P. EISENKLAM, Ph.D., M.Eng.Sc., 


N. DOMBROWSKI, 


Ph.D., 


A.M.1.Chem.E. 


In this section the authors deal with the types of 
pressure nozzle which are available, the energy require- 
ments to effect atomisation, and with their performance 


NE of the simplest and oldest methods of affecting 

a size reduction of a solid or a liquid is to use pres- 
sure energy in one form or another. The pressure energy 
which is applied to the liquid is first converted into kinetic 
energy and the liquid is shaped into a jet or sheet which 
disintegrates as a result of it becoming unstable. The 
disintegration of a moving jet is coarse and the particles 
are mainly aligned to the axis, and the spray is therefore 
poorly dispersed. The degree of atomisation is improved 
by using rapidly moving jets discharging into a relatively 
viscous gaseous atmosphere, but the resulting dispersion 
is thereby not greatly improved. However, thin sheets 
disintegrate satisfactorily without the need for such rapid 
movement and the resulting spatial dispersion of the drops 
can be varied to suit requirements. Hence the basic 
function of pressure nozzles is to convert the pressure 
energy in the bulk liquid into kinetic energy in the form 
of thin moving sheets of liquid. The stability of these 
sheets is influenced by dynamic properties, by the proper- 
ties of the liquid, and by the properties of the medium 
into which they are discharged. Thus the performance of 
these nozzles will depend on these factors and their design 
must be related to them. 


Classification of Pressure Nozzles 

Two ways of producing thin moving sheets from a bulk 
liquid under pressure are utilised in the different types of 
pressure atomiser which were listed in Table I of Part | 
(British Chemical Engineering, 1957, August, p. 416). In 
fan and swirl spray nozzles the flow of liquid in the nozzle 
is constrained in such a way that it issues from the orifice 
in the form of a flat or conical sheet. In impact nozzles 
a liquid jet is made to impact on a flat, solid surface, or 
on a similar liquid jet, in such a way that a sheet of liquid 
is produced. The sheet formation and the resulting disin- 
tegration from these nozzles are shown in Fig. |. 

The size and throughput obtained from such nozzles is 
conveniently expressed as a “Flow number” (FN) which 
is defined as follows: 


Q 


N= T= mt 
I mo (1) 





* Previous parts were published in British Chemical Engineering. 1957 
dugust,. p. 414, and September, p. 4% 
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where Q = throughput; 
Ap = pressure differential: 
Ca.A 


or FN«a7—> 
V OL 





ans 


Ce = discharge coefficient: 
A = orifice area; and 
deasity of liquid. 


- 


PL 
The flow number is conventionally quoted in units of 
Imperial gallons an hour/ Ib. per sq. in., and hence for 
water 


FN = 293 Ce A (cm*) jana 


The dependence of flow number on density of the liquid 
is shown by Equation (2). Other properties of the liquid, 
particularly viscosity, affect it by means of their influence 
on discharge coefficient. In general, for each liquid, the 
flow number is independent of pressure differential once 
the spray sheet is fully established, and, except for swirl- 
spray nozzles, it is practically independent of changes in 
viscosity, i.e., it is unaffected by temperature. 

Pressure nozzles suffer from low flexibility or turn-down 
ratio because the flow rate varies as the square root of the 
pressure and the degree of atomisation does not remain 
unaffected, rapid deterioration particularly taking place 
at low pressures. There are several methods of control 
which can be used to improve the turn-down ratio, three of 
which are mentioned below. Firstly, by spill-type nozzles 
in which some of the incoming liquid is bled or spilled 
away before it reaches the final orifice, or afterwards 
from the boundary of the issuing sheet. (Central or side- 
spill swirl-nozzles of this type are shown in Fig. 5 (e and 
f). At a constant supply pressure, turn-down ratios of 20 
are achieved by spill control. These can be further in- 
creased if the supply pressure is varied as well. Secondly, 
a metering resistance can be put into the line, the flow- 
versus-pressure characteristic of which compensates the 
otherwise existing square law. The expanding slot nozzle 
or the diaphragm nozzle is of this design. The former 
has entry ports, the opening of which is determined by a 
pressure-operated piston. The flow in the latter type is 
similarly controlled by a diaphragm. (One such nozzle of 
the deflector type is shown in Fig. 3 (e).) Thirdly, two or 
more nozzles are housed concentrically and are indepen- 
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Fig. 3. Impact nozzles. 


dently controlled, so that one produces a pilot spray and 
the other the main spray. Such nozzles have been given 
the name duplex or triplex atomisers. (A duplex atomiser 
of the impinging-jet type is shown in Fig. 3 (d) and a 
triplex swirl atomiser in Fig. 5 (g). The turn-down ratio 
of the latter is 240.) 

Fan-spray nozzles (Single Orifice). Fan-spray nozzles 
consist of an orifice with a specially-shaped entry and exit 
portion, the former being of critical dimensions. The prin- 
cipal feature of their design is the energy transfer which 
occurs when two jets of liquid meet and produce a sheet 
perpendicular to the plane containing their axes. The 
entry part of the orifice is shaped in such a way that flow 
is essentially two-dimensional and the streamlines are con- 
verging towards the orifice, thus simulating two converging 
jets. The exit from the orifice is shaped so that a free 
development of the resulting sheet in a plane perpendicular 
to the approach plane is possible. The orifice is fully 
occupied by the liquid so that the area coefficient is unity. 
Three designs of single-orifice fan-spray nozzle are shown 
in Fig. 2. The sheet formation from type 2 (a) is illus- 
trated in Fig. | (a and 5) at 25 lb./sq. in. differential 
pressure. Such nozzles are made in sizes from fractional 
flow numbers used in low-volume agricultural spraying 
to flow numbers of the order of 300. They are manufac- 
tured either in all metal or have a metal body with a 
ceramic orifice tip. The downstream end and throat of 
the orifice are, where necessary, protected by a protrusion 
integral with the downstream face plate, so that the danger 
of damage to the orifice is lessened. 
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Fig. 2. Single orifice fan spray nozzles. 


Solid Surface Impact Nozzles and Deflector Nozzles. 
When a jet or sheet impacts on a solid surface there is no 
bounce off, as would be expected when drops hit it. In- 
stead, the momentum is deflected in a plane along the 
surface of the solid. If the surface is made just big enough 
to effect this deflection, the unsupported sheet leaves the 
periphery before it disintegrates. Two designs of such 
nozzle are shown in Fig. 3 (a and 5), and a photograph 
of the spray from type (a) is shown in Fig. 1 (d). In 
deflector nozzles, illustrated in Fig 3 (e and f), a jet is 
not formed but the liquid is deflected as soon as it issues 
from the orifice. Type (f) is a deflector nozzle of similar 
design to the solid surface impact nozzle shown in type (b): 
type (e) is a diaphragm nozzle with improved turn-down 
ratio. The liquid is guided along the stem and issues from 
a solid surface cone. One of the principal uses of such 
nozzles is in agriculture and in rocket and ram-jet com- 
bustion chambers. 

Impinging Jet Nozzles. The principle on which impinging 
jet nozzles operate is the same as that used in fan-spray 
nozzles, except that the jet impingement takes place out- 
side the nozzle. This method of liquid disintegration is 
very common where mixing of two fluids has to be 
achieved, as in the liquid-propellant rocket motor, where 
“like on unlike” jets are used, conveying respectively the 
oxidant and the fuel. The arrangement for these types is 
shown in Fig. 3 (c and d). The use of impinging jet 
nozzles is not confined to fuel-burning appliances, but they 
have also found application in fire-fighting, where pairs 
of jets are arranged either in line or radially on the spray 
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plate, so that any desired spray envelope is produced. In 
practice as many as 200 pairs have been used on one 
plate. The type of impinging jet nozzle show in Fig. 3 (d) 
consists of two matching plates, each containing a circular 
slot, which, when assembled, produce the desired orifice. 
The type illustrated is of the duplex pattern with the inner 
jets independently controlled from the outer ones. For the 
production of symmetrical and thin sheets, it is essential 
that the two jets should be aligned as accurately as pos- 
sible and that they should be stable before impact. Such 
jets are not only obtained by judicious selection of the 
length to diameter ratio of the orifice, but jet stability 
can also be greatly increased if the turbulence in the jet 
is fully developed before it issues from the orifice. The 
turbulence can be obtained by applying a uniform rough- 
ness to portions of the walls of the orifice by means of 
coarse reaming or the use of a screw thread. The illus- 
tration Fig. 1 (c) shows the development of the sheet from 
a 70-degree impinging jet atomiser. The plane of the jets 
is perpendicular to the paper. 

Swirl-spray Nozzles. The characteristic of the spray from 
these nozzles is its conical form. A conical spray sheet 
can be produced from a specially shaped annular orifice, 
but its properties are often not suitable for fine disintegra- 
tion. The conical sheet of hollow-cone swirl-spray nozzles 
issues from a circular orifice, the periphery of which is 
wetted by the sheet and the centre of which is hollow. 
This flow configuration is achieved by introducing the 
liquid tangentially into a swirl chamber, thereby giving 
it a high tangential velocity which results in an air core 
and hence in annular flow in the orifice. Fig 4 shows the 
air core formation in a transparent swirl nozzle with in- 
crease in pressure differential. A portion of the spray 
sheet is visible downstream of the orifice. The liquid issues 
with axial and tangential velocity, the relative magnitude 
of which determines the cone angle of the sheet or the 
spray angle. The area coefficient of such a nozzle is there- 
fore very low whenever a hollow spray is formed. Where 
means are used to suppress the air core, such as the pro- 
vision of an axial entry to the swirl chamber additional 
to the tangential ones, a “drowned” spray results, the 
penetration of which is much increased at the cost of 
deterioration in atomisation. 

Several types of swirl-spray nozzle are shown in Fig. 5; 
the spray formation from types (a) and (j) are shown in 
Fig. | (e and f). The swirl chamber is either conical or 
cylindrical; the orifice invariably consists of a short cylin- 
drical tube and the greatest variation in the design occurs 
in the geometry of the inlet swirl ports. A swirl plate is 
often used with symmetrical tangential grooves or holes, as 
shown in Fig. 5 (b). One of the simplest designs consists 
of a combination of swirl plate and orifice plate in one 
body, as shown in Fig. 5 (4). A “drowned cone” spray 
nozzle is shown in Fig. 5 (j). The manufacture of swirl- 
spray nozzles requires great precision and many abortive 


attempts have been made to find cheap methods of pro- 
duction which have resulted in a marked loss of perform- 
ance. 

Application to Chemical Engineering. From the above 
description of pressure nozzles it is apparent that they 
cannot have universal use in chemical engineering prac- 
tice. If the liquid retains a high viscosity even when heated 
to an upper permissible limit, or for mixtures of suspen- 
sions or slurries, the use of pressure nozzles is often un- 
economical. Small channels become blocked and frictional 
drag can only be overcome by high pressures which invite 
pump troubles. Nozzle wear as a result of corrosion or 
erosion can only be tolerated so long as the resulting 
coarser disintegration can be accepted. Under such con- 
ditions, other types of atomiser are preferred. 


Energy Requirements and Efficiency of 
Pressure Atomisation 
Pressure energy in the bulk liquid is converted into 
surface energy of the dispersed system. This conversion 
is notoriously wasteful, as the following figures show: 
Let E = energy per unit mass flow rate of liquid: 
M = mean flow rate of liquid; 
S = total surface of liquid; 
S’ = specific surface of liquid (surface per unit 
mass); 
Ap = pressure differential across atomiser; 
y_ = surface tension of liquid; 
o.= density of liquid; and 
SMD = surface mean diameter (diameter of drop, the 
specific surface of which is that of the total 
spray). 
Suffix » = initial state of liquid; 
1 = final state of liquid (dispersed); 
» = surface; and 
p = pressure. 
Thus by definition of surface energy: 


E; = M (S,-S,) eeee (4) 

Si S.>> So: Es ~ 8’ (5) 
ince i> > So; Es YS 1 3, (SMD) oeee Ge 

Energy required : E, = Ap/ er ocee) 


It follows that the total energy required for a water 
flow rate of Q gal./min. and a pressure differential of 
Ap \|b./sq. in. is 7 X 10° Q Ap horse-power. 

Theoretical atomisation efficiency (fractional) 


_&. _ os (7) 


1" E,  Ap.(SMD) aii 
— aes 
(=) - 


(see Equation (10) ) 
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Fig. 4. Air core formation in hollow cone swirl spray nozzles. 


O« tober, 1957 


539 








Efficiencies are below 1%, not because of the pressure 
losses in the nozzles, which are only of the order of a 
percent for well-designed nozzles and Newtonian liquids, 
but because the pressure energy is not only converted to 
surface energy but also to kinetic energy of the drops 
and the entrained gaseous medium. Viscous energy dis- 
sipation is not likely to be a controlling factor in the drop 
size range commonly obtained from atomisers. 


Performance of Pressure Nozzles 

The chemical engineer who uses atomisers in all types 
of liquid: gas contacting processes is concerned not only 
with the mass flow rate and newly-created surface area in 
the spray but also with its spatial dispersion and some- 
times also with the deposition obtained on a surface, be- 
cause most of these factors will affect the design of the 
spray chamber or the furnace. Since the object of the 
particular liquid : gas contacting process is to produce 
efficient heat or mass transfer, some of the performance 
data given below under conditions of no mass transfer 
have to be adjusted when they are applied to most operat- 
ing conditions. In spray evaporation, for instance, the 
diameter of a drop will decrease in flight, and if the drop 
moves in the laminar régime of flow and has a diameter 
below 100, its lifetime will be proportional to the square 
of its initial diameter, so that the rate of change of 
surface area will remain constant. Hence the drop size 
performance of an atomiser, Operating in a gaseous 
medium of known properties, which is expressed below 
in terms of initial drop diameter, can be used to estimate 
surface areas under Operating conditions. 

THE DISCHARGE COEFFICIENT OF PRESSURE 
NOZZLES. The discharge coefficient (Cy) is given by the 
ratio of the actual discharge rate divided by that obtained 
when the total orifice area is effective to flow and the 
pressure energy is converted to kinetic energy without 
loss. From this definition follows in a similar way the 
definition of area coefficient (C1) and velocity coefficient 
(Cy). Therefore Cy = Cr C. sa ae 

The behaviour of the area and velocity coefficient de- 
pends very much on the type of flow through the nozzle, 
and hence fan-spray and swirl-spray nozzles have to be 
treated separately. The behaviour of impact nozzles is 
controlled by the flow through pipes, which is well known 
and to which no reference will here be made. Discharge 
coefficients are often much below unity because of high 
pressure losses. 

Fan-spray Nozzles (Single Orifice). lf the area is taken 
to be the wetted throat of the shaped orifice it is fully 
effective to flow, and C, will be unity and hence Cy=C) 
The loss of energy due to sudden change of direction and 
friction is reflected in a decrease in velocity from the 


fo 
theoretical value of \ <op which can be obtained from 
PL 

the measured discharge rate. It is observed that the dis- 
charge coefficients are very high and, as expected, they 
decrease with decrease in size cf the nozzle and therefore 
flow number, but are independent of pressure differential. 
Typical results obtained with water flowing through one 
type of nozzle, Fig. 2 (a), at a differential pressure of 
25-100 Ib./sq. in. are: 








Flow num- — i ‘ 
< 2.17 62 14: 0.7. ».349 
ber (FN) l 1.6 1.145 41 0.34 
Discharge 
coefficient 0.953 0.943 0.867 0.878 0.800 


(Cy) 





For these types of nozzle the discharge coefficient re- 
mains essentially unaffected by viscosity, density or surface 
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tension of the l.quid. This has been verified with liquids 
ranging from acetone (7 = 0.32 cp.) to a solution of gly- 
cerine in water (viscosity » = 99.6 cp.) and covering a 
range of density of 0.79-13.6 g./ml and surface tension of 
23-476 dynes/cm. For visco-elastic liquids, the discharge 
coefficients are considerably reduced. 

Swirl-spray Nozzles. The losses in swirl-spray nozzles are 
predominantly frictional and, since the area effective to 
flow is greatly reduced because of the existence of the air 
core, much lower discharge coefficients are obtained. 

Coefficients obtained with water flowing through a swirl- 
spray nozzle of the plug type, Fig. 5 (a), at a differential 
pressure of 25-200 Ib./sq. in. and a cone angle of 60° are: 





Flow num- 


ber (FN) 1.9 1.04 0.59 0.197 | 0.090 | 0.058 





Discharge 
coefficient | 0.329 | 0.465 | 0.438 | 0.268 | 0.286 | 0.264 
(Cx) 














The air core adjusts itself to give maximum discharge. 
It is parallel in the orifice portion and tapering in the 
swirl chamber. From an analysis of the flow of inviscid 
liquids in a swirl nozzle, it appears that Ce is independent 
of pressure and only related to a parameter expressing 
the dimensions of the atomiser. For real liquids where 
frictional effects have to be estimated, the effect of a 
change in the viscosity complicates the flow behaviour. As 
the viscosity of the fluid is reduced (by heating the liquid, 
for instance), the discharge coefficient will begin to increase 
because of an increase of axial and tangential velocity. 
However, on further reduction of the viscosity, the tan- 
gential component of velocity increases to a larger extent 
than the axial one and hence a larger air core is produced 
which results in a lower discharge coefficient. For these 
reasons, the dependence of Ce on the nozzle parameter 
is of complex nature. 

THE DIMENSIONS AND SIZE OF SPRAY SHEETS. 
The “cone” angle of a swirl spray is defined as the maxi- 
mum three-dimensional angle of the cone which is tan- 
gential to the curving liquid sheet (see Fig. 6). This angle 
is practically independent of the ambient spray conditions 
and can be shown to be related to the discharge coefficient. 
Hence its magnitude depends on the parameter expressing 
the dimensions of the nozzle just discussed. In general, 
swirl-spray nozzles can be designed within the limits of 
cone angles of 50-160 degrees. 

A practical measure of the spray dispersion is furnished 
by the angle of the spray curtain, as shown in Fig. 6. 
This angle, which has been measured by many investi- 
gators, is influenced greatly by the ambient spray con- 
ditions. A nozzle whose swirl-port area is increased to 
give a higher flow number may show a relatively higher 
angle of spray curtain, because, although the cone angle 
should be smaller, the momentum of the drops will be 
larger and hence the curtain will straighten out and become 
more conical. It has been found experimentally with a 
swirl-spray nozzle of FN ™ 6 that the angle of the spray 
curtain decreases with increasing pressure differential and 
also with increasing ambient density. It is only at a con- 
siderably reduced ambient density that the angle of the 
spray curtain becomes equal to the cone angle and hence 
independent of the pressure differential. 

Similar considerations apply to the two-dimensional 
angle of a fan-spray sheet. This angle can vary from 30- 
120 degrees in single-orifice fan-spray nozzles and can 
be as much as 180 degrees for the deflector-type nozzles. 
For single-orifice fan-spray nozzles, the radial projection 
velocity of the sheet is constant at all distances from the 
nozzle and, since the sheet is continuously widening, its 
thickness is steadily decreasing until it is of the order 
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Fig, 5. Swirl spray nozzles. 
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Fig. 6. Sheet formation from swirl spray nozzle. 
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Fig. 7. Size distribution from single crifice fan nozzle. Fig. 9. Drop size from swirl nozzles for fuel. 
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Fig. 10. Drop size from large swirl spray nozzles for water. 
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Fig. 11. Patternation diagrams from swirl spray nozzles. 
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Deposition curves from hollow cone swirl nozzles. 
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of microns at the region of disintegration. This property 
of these sheets has a great influence on their specific 
surface. Since amongst geometric shapes of equal volume 
the sphere has the smallest specific surface, a liquid should 
be disintegrated into other shapes. The geometric proper- 
ties of the spray sheets from single-orifice fan and swirl- 
spray nozzles and the drop size obtained from them are 
such that under normal but limited operating conditions 
the specific surface of the sheet is several times larger 
than that of the drops, owing to the drop diameter being 
much larger than the sheet thickness. This effect is greatly 
enhanced if spraying is carried out into a reduced atmos- 
phere, because the drop size obtained is larger and the 
sheets, being greatly extended, are much thinner. 


DROP SIZE FROM PRESSURE ATOMISERS. From 
dimensional analysis, it has been established that, in 
general, the following relations between the properties of 
the liquid and the atomiser hold: 


(Sa) (E)’ 
ics Ap (e 
where d =a mean diameter of the spray: 
FN = flow number of atomiser for a standard liquid, 
usually water; 
Ap = pressure differential; 
y = surface tension of liquid; 
4= angle of fan-spray sheet or sine of the half 
cone angle of a swirl-spray sheet: 
pr, = density of liquid; and 
Pa = density of atmosphere. 


a 


Experimental results have established that d «x v" 


where v = kinematic viscosity; 
n ™ 0.2 hollow-cone swirl-spray nozzle; and 
n ™ 0.1 single-orifice fan-spray nozzle. 
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The above relation contains 4, a property of the spray 
which is not easily measured. Equations for drop size 
which are more readily applicable have been empirically 
determined and contain functions of the geometry of the 
nozzle only. These will now be given. Where possible, the 
surface mean diameter of the spray, SMD, will be quoted, 
which is defined as diameter of drop of same surface- 
volume ratio as the total spray. 

Fan Spray Nozzles. Nozzles of the type shown in Fig. 
2 (a) have been extensively tested and the following equa- 
tion is obtained for water by sampling the spray in oil 
at the centre-line 14 ft from the nozzle. 

, 


4-42 
log SMD = 1-823 + -—— + 0-203 (FN) ....(11) 
Ap 
25 < Ap < 100 psi; 


0.35 < FN < 2.2; and 
SMD > 87h. 

If the edges of the spray sheets are also considered, 
§MD is about 25% larger. Fig. 7 shows a specimen drop- 
size distribution curve as obtained from one of these 
nozzles of FN = 1 spraying water at 50 Ib./sq. in. dif- 
ferential pressure. 

The following equation for fan-spray nozzles of the 
types shown in Fig. 2 (a and c) was obtained from the 
results of spraying dyed liquid horizontally from a height 
of about 5 ft on to the floor and measuring the stain 
diameter on filter paper. 


FN y\ 3 
SMD = 181 (=) 


is the flow number of the nozzle for the cor- 
responding liquid; 
6 = fan-spray angle (radians): 
73 > y > 28 dynes/cm.; 
1 > p> 0.8 g/cu. cm.; 
105 > Ap > 45 psi: 
8 > FN > 05; 
SMD microns. 
Swirl-spray Nozzles. Various attempts have been made to 
correlate drop size with orifice diameter, since the equation 


. (12) 


where FN 


: / . FN <r e 
from dimensional analysis contains——, which is a function 


of this diameter. Experimentally, it has been shown that 
the drop size is proportional to the orifice diameter to an 
index n between unity and 1.6. 

Nozzles of the type shown in Fig. 5 (a), tested with 
water under the same conditions as those applying to 
Equation (11), give the following results: 

log (SMD) = 1.808 X 6.94/ Ap + 0.138 (FN) 
200 > Ap > 25 psi: 

2.0 > FN > 0.05; 
Cone angle ™ 60°; and 
SMD > 70n. 

Equation (13) is plotted in Fig. 8. 

For swirl-spray nozzles such as those shown in Fig. 5 (b) 
and other types, the following equation has been obtained 
by spraying wax of simulated properties of fuel and 
making a particle size analysis of the solidified wax. 


vewele 


WV 0°209 7 
SMD = 335 a yp o2ts nan 
300 > Ap > 12 Ib./sq. in.; 
20 > FN > 05; 
18.5 > wv, (kinematic viscosity) > 2.0 cs.: 
90° > (cone angle) > 80°; 


Surface tension = 22 dynes/cm.; and 
Liquid density = 0.746 g./cu. cm. 

This equation is plotted in Fig. 9 for two liquids of 
different viscosities. 


October, 1957 


For nozzles of large flow numbers of the swirl plate 
design given in Fig. 5 (b), the following equation has been 
found for water by sampling the drops in oil 


SMD = 119-2 [ay 
Ap 


100 > Ap I|b./sq. in.: 
500 > FN > 10; and 
Cone angle ™ 85°. 


er 


This equation is plotted in Fig. 10. 

Impact Nozzles. A few results have been obtained 
with water on an impact plate of 30 degrees to the nozzle 
axis. Sampling was carried out at a plane about 5 ft from 
the nozzle and the drops were caught in oil. The following 


equation is obtained: 
N) } 
— 1480 ™) 
Ap 


100 > Ap > 10 Ib./sq. in.; 
5.2 > FN > 0.38: and 


MMD = mass median diameter (the diameter of the drop 
above which lies 50°, of the mass of the spray). 
For impinging jet nozzles of 90 degree impingement 
angle, it was found that for water and sampling similar 
to above the following equation is obtained: 


( FN )0°235 


aAy= 


MMD soe (6) 


MMD = 630 isnceee 
85 > Ap > 5 psi: 

8.5 > FN (flow number of both jets) > 0.5: 

is in. > diameter of pipes > ,', in.; and 
Discharge coefficient 0.73. 


SPATIAL DISPERSION OF A SPRAY AND THE 
DEPOSITION ON A TARGET. Of all pressure nozzles, 
those of the swirl type give a more uniformly distributed 
spray because of the conical character of their spray sheet. 
One of the most frequently carried out tests for uniformity 
of dispersion of sprays from such nozzles is to establish a 
deposition pattern from a stationary nozzle. Machining 
errors, blockages of the passages and damage to the tip of 
the nozzle affect the uniformity of the spray. Fig. 11 shows 
a so-called “patternation” diagram obtained from a “good” 
and “bad” swirl-spray nozzle. Deposition in twelve sectors 
of a circle is measured and the results plotted so that the 
areas of the sectors are proportional to the corresponding 
deposition volume. The maximum volume is denoted as 
100°, and the distribution is expressed as the minimum 
percentage collected in any one sector. Thus, of the re- 
sults shown in Fig. 11, the good nozzle is said to have 
a “patternation” of 81°, and the bad one of 33%. For 
gas-turbine combustion nozzles 80% “patternation” or 
better is acceptable. 

A knowledge of the deposition on a target is often 
required, particularly in agricultural or entomological 
applications of sprays or in paint spraying. Figs. 12 and 13 
show the deposition resulting from a fan-spray nozzle 
and swirl-spray nozzle respectively, moved vertically at a 
steady rate of 2 ft/sec. for spraying on a vertical target. 
The peak distribution obtained at the short distance is 
evened out with increasing distances, or by arranging two 
fan-spray nozzles on a lancehead in some such position 
as shown in Fig. 14. The resulting deposition is more 
uniform and the bandwidth independent of target distance. 

These curves do not give information on the losses in 
transit, which can be considerable, particularly under out- 
door conditions. Fig. 15 shows experimentally determined 
values for some fan- and swirl-type pressure nozzles of 
flow number below unity. It is seen that higher pressures 
cause higher losses, because the resulting spray includes 
more drops of smaller size which are prone to drift. 
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DESIGN, 





OPERATION AND 


APPLICATION OF GRID TRAYS 


How reliable comparisons of the advantages and disad- 
vantages of the many types of rectification column plate 
may be made is described in this article 


OMPARISONS of the merits of the many types of 

rectification column plate are not easy to make and 
most informed engineers recognise the perils of positive 
statements about any particular device, especially if the 
argument has to rely upon a priori reasoning. The exis- 
tence of a large number of closely interrelated factors 
whose importance varies from one application to the next, 
such as plate efficiency, entrainment, pressure drop, effect 
of deposits and corrosion, limits of stable operation, first 
cost, pressure drop and constructional simplicity, is justi- 
fication enough for caution. Reliable conclusions can be 
obtained, however, from the actual performances of dif- 
ferent devices used for similar duties, and later in this 
article a number of such comparisons are given in tables. 

Packed columns, also widely used for distillation, suffer 
from a number of serious disadvantages; their efficiency is 
impaired, for example, by uneven distribution of liquid 
and vapour phases through the packings. Attempts have 
been made successfully to improve this situation by the 
use of corrugated walls.' Packed columns in large sizes are 
characterised by a large value of H.E.T.P. (Height Equi- 
valent of a Theoretical Plate), but on the other hand, they 
have the advantages of simplicity and low pressure loss. 

The mechanical design of most types of plate (or tray) is 
complicated by the necessity to collect the liquid at one 
tray and to transfer it to the tray beneath, as well as by 
the problem of liquid distribution upon the trays. A plate 
(or tray) combining some of the best properties of pack- 
ings and types of plate, such as those fitted with bubble 
caps, is the grid plate. The Shell “Turbogrid’** is one 
example of the grid plate, whereas the Dilman’ “aperture” 
plate is another but less well known example. 
Curiously enough the grid type of tray was discovered 
accidentally during experiments conducted on a column 
containing conventional sieve plates. 

The construction takes the form of either a circular 
plane of closely spaced parallel bars or an assembly of 
stamped perforated plates. For very small distillation 
columns single perforated plates are sometimes employed. 
Invariably plates are assembled with the slots on one plate 
at right angles to those on an adjacent plate, so as to pre- 
vent liquid falling from one slot through the correspond- 
ing slot on the plate below. The “aperture” type of tray 
employs circular holes instead of slots.’ A notable feature 
is the absence of weirs and separate downcomers for the 
transference of liquid from plate to plate. 


Operation and Design of Grid Trays 

Both vapour and liquid pass through the openings, in an 
intermittent jet action which is uniformly distributed over 
the entire surface of the grid plate. The interference of 
the flow of either phase results in the retention of liquid 
upon the tray; its depth being approximately equal to the 
pressure drop across the tray. The absence of obstructions 
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Fig. 1. Typical grid tray employing tubular construc- 
tion for heat-transfer purposes. (Diagram: Metal 
Propellers Ltd.) 


between the plates allows an intense foaming to occur 
between them at the moment of vapour transfer through 
the openings. This foaming action exerts a self-adjusting 
effect upon liquid level, which is therefore kept to a uni- 
form height over the entire surface of the plate. Despite 
the great success of this kind of tray since it first appear- 
ance, design data are not abundant. 

The structural details which effect performance are slot 
area and width, bar shape and tray spacing. The area pro- 
vided is a compromise between the conflicting require- 
ments of plate efficiency and throughput. A large free area 
means a high throughput at the sacrifice of efficiency and 
operating range. Pressure drop also affects slot area. 

Slot width will be dictated by convenience of manufac- 
ture, and the corrosive or fouling nature of the fluids to 
be handled. The plate spacing also may represent a com- 
promise between the desire to have a spacing sufficient to 
give good tray efficiency and operating range, and the need 
to provide access, for example, for the purpose of re- 
moving fouling deposits. 

Slot widths quoted in the literature vary from 3 to 10 
mm, but slots of 3 to 4 mm are stated to give the best 
combination of efficiency and stable operating range.* 
Slots of width up to 10 mm have been used, but their 
disadvantages are a reduced range of stable operation and 
loss of efficiency through the smaller interfacial area for 
mass transfer arising from the larger bubbles formed at the 
slots. Slot widths of 6 to 8 mm are also believed to be 
widely employed, while for “aperture” plates the dia- 
meters of the openings vary from 4 to 8 mm for success- 
ful rectification.® 

The cross-sectional area provided by the slots is of con- 
siderable importance, as this determines the capacity of a 
tray. With bubble caps the free area is limited to 10 to 13% 
of the total tower cross-section. With grids a free area of 
from 10 to 40% of the total can be employed,® with the 
best results obtained at 19 to 20% of the total. For foam- 
ing liquids a free area of 30% can be used without serious 
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loss of efficiency.* It has been noted that an increase of total 
slot area often reduces the plate efficiency of gas-film con- 
trolling systems but not so those of liquid film control 
systems. 

Plate spacing is another important design variable, ac- 
cording to most of the installations described and varies 
from 12 to 22 in.,” although closer spacings than this have 
been used successfully. For example, in a column of 100 
mm diameter, with 45 plates fractionating a carbon tetra- 
chloride-benzine mixture under total reflux, a spacing of 
165 mm (about 64 in.) gave a tray efficiency of 85%. The 
observed liquid level in this case was 30 mm. Another 2-m 
diameter column for alchohol rectification at a synthetic 
rubber works has a spacing of 200 mm. In this instance, 
although a satisfactory operating range is claimed, the 
efficiency is not reported.® 

As one would expect, the depth of the foam layer pro- 
duced on a grid tray intimately affects its efficiency and 
the limits of its stable operation. For this reason efforts 
have been made to relate the depth to other plate variables. 
Aerov describes a procedure for determining the column 
diameter and tray spacing.* This amounts, in the first 
place, to the selection of a minimum operating liquid level 
based upon experience and the fixing of slot width. From 
a knowledge of the physical properties of the mixture to 
be distilled, an expression for pressure loss (already fixed 
by the liquid level) gives the vapour velocity through the 
slots. 

If the upper limit of the range of stable operation is 
now fixed—here again experience is the guide—the new 
liquid level can be determined by means of the pressure 
loss equation. The spacing is then calculated by making 
an allowance for the expansion of the liquid layer through 
the passage of bubbles and adding a margin to ensure 
that the foam does not reach the plate above. Thus the 
pressure loss is given by: 


G Pe(I + k) V;? 26 
22 "(1 — rt} wil — 8) 


[=F 
L 2 de p 4 
t= =m) os 4 
where | (£) oe Co. =| (1 + k) 


| L\? 8 j 
1+ £\" &s + kj 
() oe, CoC G+ 


V, = vapour velocity through slot; 
P = pressure drop across plate; 
L = liquor rate; 
G = vapour rate; 
vapour density; 
interfacial tension between the two phases; 
8 = coefficient of foaming dependent upon the 
properties of the liquid and slot shape; 
p_ = liquor density; 
a= slot width 
Cp = discharge coefficient for vapour only passing 
through the dry plate; 
k = entrainment ratio; and 
C = discharge coefficient of vapour passing through 
slots. 


(Unfortunately, Cp and C are not well defined in the original text.) 
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AP= 
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This equation, once the liquid level is fixed, allows the 
vapour velocity through the slots to be determined, and 
hence the column diameter. 

Tests on bubble caps varying in size from 3 to 6 in. 
carried out by Munk" may be used to get an idea of the 
limit of stable operation to be expected from this type of 
contacting device and to be sought for grid plates. The 
results are given in the form of a number of plots of 


L/W vs g 





pr" *(or — pr)*® 


re) 
where W = weir length; and G = vapour rate per cap. 














Fig. 2. Four line diagrams 
illustrating the construc- 





tional details of a Russian 
grid tray. All dimensions 








are in millimetres. The 
legend is given below. 

















Legend 






1200 X 37 mm DIA 









. Grid section. 

. Securing screw or bolt. 
. Clamping strip. 

Nut. ——1065 mm DIA—> 
Collar. beaker -4 
. Packing seal. f 
Bolt. 
a ° 
. Clamping ring. — 
. Angle ring. , i 


Bar. o —_— 
Pad 


DETAIL B 














30 





. Lug. 

. Bolt welded to ring. 

. Supports for grid sec- 
tions. 

. Lugs welded to ring. 

6. Grid. 

7. Release bolt, 


Pw SCORN DARWI 








a 


1274 mm DIA 





October, 1957 


545 





From these plots, on the average G min/G max = 4. 

The experimental column of Aerov is used to illustrate 
the method of calculation. The values of the variables are 
given below. 


L/G=1; 
* = 21 dynes/cm; 
B = 0.7: 
Cy = 1.5; 
P, = 2.0 kg; 
P;, = 800 kg/m’; and 
7 = 0.148; 


then for a slot width of 3 mm the liquid level from Equa- 
tion (1) 


Ay = 0.725 V2+4.4 mm nao 


If a slot submergence of 10 mm (corresponding to a liquid 
level a little greater than the minimum observed for stable 
operation) is decided upon, then the vapour velocity 


2.8 m/sec. 

If an attempt is now made to design the coiumn with 
the same rangeability as Munk’s bubble caps, then the 
maximum vapour velocity will be four times the above 
figure. Re-substitution of the new vapour velocity in 
Equation (2) gives the upper limit for liquid level. Thus 

hy 16X 5.6+4.4 
94.2 mm. 


As indicated in the introduction to this section, allow- 
ance has to be made for the expansion of the liquid 
volume through bubbling. For this purpose the specific 
volume of the foam e = 2.5 gm/cc is used. This is in 
agreement with a figure of 0.4 for the foam density for 
closely packed bubbles.” With a margin of 50 mm, the tray 
spacing is thus 


hy = 94.2X2.5+50 mm 
=< 300 mm. 


This figure, which Aerov recommends for the majority of 
applications, confirms the figure of 12 in. given by Shell.” 
In the particular column used in this example it was 
found possible to operate the column with a spacing of 
165 mm, but this meant a plate efficiency approaching 30%. 
The best rectification results were obtained with a liquid 
level of 10 to 27 mm corresponding to G max/G min =2, 
which again roughly confirms the Shell recommendation. 





Constructional Details 


Although, as mentioned earlier, grid trays may be made 
up of a number of bars, nowadays the more popular form 
of construction uses stamped sections bolted together (see 
Fig. 2). Sometimes, to fill out the area near the periphery, 
sketch plates roughly triangular or trapezoidal in shape 
are fitted. These can be used to provide access from one 
tray to the next. The stamped type of grid tray can be 
made from thinner gauze material than the bar type, and 
where a particular application requires expensive materials, 
this method of construction gives a cheaper plate than one 
constructed from bars. This latter form of construction has 
two important advantages, one of which is care of manu- 
facture. The other advantage is that it allows rods of 
hollow section to be used, thereby permitting the tray to be 
used for heat-transfer purposes. One application of this 
principle is the Thermogrid tray’ which employs tubes 
instead of bars (see Fig. 1). 


Applications of Grid Plates 


A dozen or more applications of the Shell Turbogrid 
have been described,’ and include some straightforward 
hydrocarbon distillations, a gas-scrubbing operation re- 
covering SO. from a gas stream, and the stripping of 
gaseous impurities from refinery sour water. A grid 
column for the fractionation of a crude chlorinated hydro- 
carbon is another interesting duty. In this instance 24 
bubble-cap plates had been used in a tower 44-ft in dia- 
meter with 16 spaced at 24-in. intervals above the feed 
point and the remainder at intervals of 27 in. The bubble- 
cap plates were later replaced by grids, the advantages 
arising from this alteration being an extension of the 
period between successive cleaning operations, previously 
of one to three months, while the actual time of cleaning 
was reduced as the lower trays only were fouled. More- 
over, a 30% increase in capacity was obtained. 

A number of distillations spread over a period of three 
years were carried out on Aerov’s small 100-mm diameter 
column. These included the dehydration of isopropyl alco- 
hol by azeotropic distillation with di-isopropyl ether as the 
agent, the separation of isopropyl benzene from polyalkyl- 
benzenes, and the vacuum fractionation—condenser pres- 
sure 20 mm, Hg—of mixtures of phenol and isopropyl 
benzene. No practical difficulties, either of corrosion or 


TABLE 1—PERFORMANCE OF COLUMNS WITH DIFFERING CONTACTING ARRANGEMENTS 

















Pressure | Liquid Load |Vapour Load 
Column Liquor H.E.T.P. | Drop per | Mass Flow | Mass Flow 
Type of System Diameter, Rate, Value, [Theoretical Rate — Rate — 
Contacting Device Distilled m kg m* hr m Plate, H.E.T.P. H.E.T.P. 
H,O mm kg m®* hr kg m* hr 
Grids* Carbon Tetrachloride- 0.1 16,000 0.38 170 42,100 42,100 
Benzene 11,000 0.195 43 56,400 56,400 
Cascade" Toluene Methyl- 0.2 13,800 0.58 
cyclohexane 23,800 23,800 
Cellular Packing"® Carbon Tetrachloride- 22,000 0.6 175 36,700 36,700 
Benzene 0.32 50 
Mesh Packing'* Molasses Liquors 0.255 29,400 1.65 7,500 3,520 
3 mm. 25,400 1.09 23,300 6,500 
Mesh Packing'® Molasses Liquors 0.255 13,700 0.392 35,000 6,950 
25 x 25 mm 
Spraypak*’: '* Carbon Tetrachloride- 0.66* 30,409 0.61 53.3* 49,900 49,900 
Benzene 0.37 























The lower figures in Columns 4 to 8 refer to values at maximum values of H.E.T.P. The Distillations in the first three series and Spraypak were at total reflux. 
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TABLE 2—PERFORMANCE OF COLUMNS USING VARIOUS PLATES FOR GAS SEPARATION 











| Plant Shell” Plant at Tuscola’®: 2° Pilot Plant, Baku® Plant at 
| Sumgaitsky*® 
- hahaneneasil ” —8 
Type of Plate Bubble Cap T-Grid Kaskade | Bubble Cap Grid Bubble Cap | Tunnel Cap 
Plate Diameter, mm 1,200/1,500 | 1,200/1,500 2,900 2,590 400 500 1,400 
Plate Spacing, mm os 400 600 300 900 830 300 200 350 
Liquor Rate, kg/m*/hr: 
(a) Rectifying Section 7,050 9,400 28,800 6,900 15,800 5,900 7,400 
(6) Stripping Section 15,600 49,200 —- 39,200 16,500 28,000 
Vapour Rate (kg/m*/hr) 
in Rectifying Section 41,100* 23,300 25,500 9,200 13,500 
Average Plate Efficiency 
in: 
(a) Rectifying Section 40% 47% — 59% 38% 16% 
(5) Stripping Section 62% 25% 22% 10% 
Vapour Load/H.E.T.P.: 
(a) Rectifying Section 5 x 104 1.75 x 10* | 0.62 x 10* 
(5) Stripping Section 2.15 x 10¢ 2.1 x 16 1.01 x 10* | 0.39 x 10 
































* Refers to dry column. 


plugging, occurred during the entire period of the trials. 

Another interesting installation described by Aerov is 
an experimental column used for the distillation of ethy- 
lene and ethane-ethylene fractions from saturated absor- 
bent, and for the separation of ethylene from ethane- 
ethylene fractions. This particular column replaced one 
with bubble-cap plates of 0.5 m diameter which had 49 
plates spaced at 200 mm (slightly less than 8-in. intervals). 
The grid column was 0.4 m diameter and was fitted with 
42 grid trays with slots 3.8 mm and 2.8 mm wide in the 
stripping and rectification sections respectively. The plate 
spacing was the recommended 300 mm (approximately 12 
in.). Some of the results from this column are compared 
with others obtained from a much larger Shell column for 
a similar distillation in Table 3. 

Tables 1 and 2 summarise the performance of 0.4 m and 
the 0.1-m diameter column with those of other columns 
employing different contacting means, and for the distilla- 
tion of similar mixtures. 

The ethylene-ethane column performed satisfactorily as 
can be seen from Tables 2 and 3, but one practical diffi- 
culty in the stripping section (at —14°C) was plugging by 
ice, which, of course, reduced the throughput. It will be 
interesting to see whether, in the future, greater slot widths 
are used in the lower plates of this column. 

An important field for the bar-type grid tray is the dis- 
tillation of heat-sensitive materials. One such application is 
the vacuum distillation of a mixture of fatty acids, in a 
plant designed by the S-W Engineering Co., of America.” 
The column of this plant replaces a tower in which hollow 
Dowtherm-fed bubble caps were used. The main draw- 
backs of this column were high pressure drop at the plates 
and maintenance difficulties due to the complicated con- 
struction. Installation of tubular grids overcame both diffi- 
culties and at the same time provided a cheaper column. 
The main requirement of the process was a colourless 
overhead product representing 90% of the feed; this the 
tubular grid was able to achieve through the combination 
of good heat-transfer conditions, short residence time and 
low pressure drop. 

Generally, with this form of construction, about 24 sq. 
ft of tube surface is provided per sq. ft. of column cross- 
section, and heat-transfer rates can be as high as 300 
Btu/hr, 1°F, per sq. ft of column cross-section. The avail- 
able surface in this case is much greater than can be pro- 
vided by hollow bubble caps. Grids may be used also for 
other purposes, but little has so far been published on 
such special uses as entrainment separators. 


October, 1957 
I 


TABLE 3—PERFORMANCE OF GRID PLATES 
FOR SEPARATION OF ETHYLENE FROM 
ETHANE-ETHYLENE FRACTIONS 


























Description Unit of Grid Grid 
Measurement | Column Column 
Baku 
Pilot Shell® 
Plant® 
Diameter of Column mm 400 1,070 
Pressure a Atm 25 26.5 
Temperature at 
Reboiler Pee S +6 
Temperature at 
Condenser ase Cc 22.5 
Ethylene in Distillate y 4 99 99.4 
At Reboiler » 4 1.85 2.1 
In Feed ane yA 60 52.6 
Quantity of Ethy- 
lene Fraction kg/m*/hr 1,700 1,520 
Number of Plates ... 43 91 


As stated earlier in this article, the amount of liquid 
retained on grid plates is proportional to the pressure drop, 
which depends, in turn, upon the supply of gaseous and 
liquid phases. If the load upon such a column is decreased, 
then the liquid level falls and vice versa. For this reason, 
a good method of control is one dependent upon the 
pressure drop in the column. The grid is eminently suit- 
able for batch distillation columns because of this possi- 
bility of control. One very satisfactory method is to regu- 
late the supply of heat to the reboiler according to the 
total pressure drop across the column. 
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NOW: 


TWO PETROCHEMICAL 


ROUTES TO GLYCERINE 


by PETER W. SHERWOOD 


An account is given of the methods employed by American 
chemical companies for the production of the intermediates 
acrolein and hydrogen peroxide as well as for the final 
conversion which leads to glycerine itself. 


NTIL 1948, the world’s supply of glycerine came 
from natural resources and was so obtained as a 
by-product from the manufacture of soap and fatty acids. 
As such, the price of glycerine fluctuated widely and it 
was this uncertainty of price which acted as the main con- 
tributing cause of paint manufacturers, the largest single 
group of glycerine consumers, turning to such competitive 
raw materials as pentacrythritol and sorbitol, even when 
technical considerations were not controlling factors. 
Since that time, the glycerine industry has undergone 
a fundamental change. Somewhat more than one-third 
of today’s market is supplied by synthetic glycerine, 
derived from propylene. The effect has been a short-term 
price stabilisation and a long-term downward pressure on 
prices. In the United States, the Shell Chemical Co., a 
leading producer of synthetic glycerine, announced a 2 
cent/Ib reduction in August 1956, bringing the price to 28 
cent/Ib glycerine in tank car quantities. This is the lowest 
price since 1950 and compares with 53 cents in 1951-52. 
The large rise in output of synthetic glycerine, which 
has taken place despite the insignificant overall market 
growth, is due to three main factors. First, the product has 
been accepted on a large scale because long-term contracts 
for it could be written at a stable price level. Second, the 
synthetic product has taken over domestic markets which 
were formerly supplied by imports, notably from 
Argentina. (Argentina’s natural glycerol now goes pre- 
dominantly to Great Britain, Germany, and South Africa.) 
Thus, American imports of glycerine were 16.5 million 
Ib in 1950 and 31 million Ib in 1953, but in 1954 there 
was a net export of 2.4 million Ib. Finally, there has been 
a significant reduction in volume of soap production— 
the primary source of natural glycerine. This decline in 
production has been caused by the wide-spread adoption 
of synthetic detergents for applications formerly covered 
exclusively by soaps. During 1953, soap sales fell some 
12%, and in 1954 another 11%, of its market was lost. 
The other source of natural glycerine, namely fatty 
acids production, has been nearly constant since 1953 
(accounting for 18 to 21 million lb a year of glycerine). 
Synthetic glycerine, however, has filled the breach amply. 
The Shell Chemical Co’s Deer Park plant, the first pro- 
ducer of this commodity, is rated at 80 million lb capacity, 
but can reportedly produce as much as 100 million Ib a 
year. This plant uses the allyl chloride route to glycerine, 
which will be discussed later. Most of the needed chlorin- 
ated intermediates are produced at the Deer Park plant 
itself, but allyl chloride, equivalent to some 25 million Ib 
a year glycerine can be brought in from Shell’s newer 
chemical facilities at Norco, Lamont. 
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Fig. 1. Dilute glycerine receives its initial concentration 
and desalting in this equipment of Shell, Houston, Texas. 


In mid-1955, the Dow Chemical Co. started up a 36 
million-lb-a-year plant at Freeport, Texas. This unit, too, 
employs the allyl chloride route. Since then, there has 
ben speculation that Dow will expand its synthetic gly- 
cerine facilities by as much at 100%. 

Two other American producers and one Dutch manu- 
facturer have announced plans in this field. Already well 
advanced in construction is the synthetic glycerol plant of 
Bataafsche Petroleum Maatschappij at Pernis near Rotter- 
dam, Holland. Its schedule calls for start-up by the end 
of 1957. Less clearly defined are the plans of Carbide and 
Carbon Chemicals Co., and that of Olin-Mathieson Co., 
both of whom have announced that they intend entering 
the production of synthetic manufacture. 

All of these plants are—or are intended to be—based 
on the allyl chloride route to glycerine synthesis. This 
process provides an added dividend from the sale of epi- 
chlorohydrin which can be obtained at an intermediate 
stage. This material serves as intermediate for epoxy resins 
which are becoming accepted for paint formulation. While 
the total volume of the epoxy-based paints is relatively 
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small, they have high unit value (1956 sales of epoxy 
resins to the paint industry are estimated at $25-30 m). 

A completely different method of glycerine synthesis is 
about to be commercialised. Now under construction is 
Shell Chemical’s glycerine plant at Norco, Lamont which 
is reportedly based on the reaction of allyl alcohol with 
hydrogen peroxide. Shell has announced construction at 
Norco of a unit for the production of 30 million lb a year 
of hydrogen peroxide, and of another commercial plant 
for the production of acrolein, precursor of allyl alcohol 
and thus also of glycerine. No capacity has been an- 
nounced for the Norco glycerine plant but 30 million Ib 
of hydrogen peroxide could be made to yield 45 to 50 
millicn Ib of glycerine. 


Glycerine Synthesis Processes 

Of the two processes for glycerine synthesis which have 
commercial stature that of the allyl chloride route, which 
is now the “classical” route, must first be mentioned. This 
is used at all but cne of the actual and contemplated 
American plants. The process, which made its full-scale 
debut in 1948, must be considered a major engineering 
achievement. The steps leading from propylene to gly- 
cerine by this route are shown in Equations (1) to (3): 


CH,—CH=CH,+Cl,-——> CICH,—-CH=CH, + HCI — 
allyl chloride 
HOC! 
CICH,—CH=CH,———-->CICH,-CH(OH)—CH,,Cl__....(2) 
glycerine dichlorohydrin 
Na OH 
CICH,—CH(OH)—CH,Cl > CH —Ch—Cii, 
. or) OH OH OH 
.. (Line) se , 
\——> CH,CICH—CH,” glycerine 
x ..GB) 
Oo 


epichlorohydrin 


The key to the first step, the synthesis of allyl chloride, 
is the use of a sufficiently high temperature to favour the 
substitution over addition chlorination (the latter reac- 
tion would lead to propylene dichloride). Aside from the 
reaction temperature, the chief process variables are 
chlorine: propylene ratio (which is critical), residence 
time, and pressure. 

In the commercial plant, the reaction temperature is 
held between 500 and 530°C. This is the optimum range. 
At lower temperatures, additional chlorination makes in- 
reads into allyl chloride yield, whereas higher temperatures 
lead to excessive carbon formation. Uniformity of reac- 
tion temperature is aimed at in the converter, which 
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Diagram illustrating the two routes to synthetic glycerine. 


consists essentially of empty steel tubes set into a shell. 
A highly efficient mixing jet is provided at the entrance to 
the converter to minimise occurrence of high cloride: 
hydrocarbon ratios near the mix points. 

The desired temperature control is achieved by intro- 
ducing cold chlorine and propylene at 400°C. Reaction 
occurs immediately upon mixing and raises the system 
temperature to 500 to 530°C at the preferred reactants 
ratio (approximately 1:5). Chlorine conversion inside the 
reactor is over 99%. The remaining small quantity of 
chlorine will add to the double bond of propylene at the 
lower temperatures that obtain in the recovery section, so 
that its consumption is, in effect, quantitative. 

Useful yield increases with rising propylene: chlorine 
feed ratio. A high concentration of chlorine favours yield- 
consuming chlorination of the desired product. Thus, 
Williams* reports that an increase in the propylene: 
chlorine ratio from 3 to 5 raised allyl chloride yield from 
66 to 80%, in a linear relationship. High ratios are, of 
course, accompanied by reduced throughput and by in- 
creased load on the recovery system, as a larger amount 
of excess propylene must be handled and recycled. 
Economic considerations set the upper limit to reactants 
ratio at about 5.0 to 5.5. 

Neither residence time nor pressure are very critical in 
allyl chloride synthesis. Enough time is allowed for sub- 
stantially complete chlorine conversion in the reactor. 
This objective is accomplished within about 1.5 seconds 
(at 500 to 510°C). 

The Deer Park plant is operated at 15 psig,’ which is 
sufficient to cover the flow requirements of the recovery 
system. The chlorination reaction itself is scarcely affected 
by pressure, but the extent of the carbonisation increases 
(very gradually) as the reactor pressure is boosted. The 
converter make is cooled to 50°C and fed to a prefrac- 
tionator column for the separation of HCI and propylene 
from higher-boilers. Its tower top is operated at —40°C. 
At the original Deer Park installation, the overhead is 
water-scrubbed for recovery of 32%, hydrochloric acid. 
Propylene is recycled following a caustic wash and drying. 
Allyl chloride is recovered from the prefractionator tower's 
bottoms liquor by fractional distillation in two columns, 
operated in series. In the first of these, lighter com- 
ponents are sepa-cated. Bottoms are fed to the final frac- 
tionator for overhead recovery of commercial allyl 
chloride. 

Conversion of allyl chloride to glycerol dichlorohydrin 
(Equation (2)) is carried out in the presence of an 
aqueous phase. Allyl chloride is injected into a stream of 
water (or sodium hypochlorite solution) in which chlorine 
has been dissolved. Intimate contact between allyl chloride 
and the aqueous reaction phase must be provided. Care 
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must be taken to minimise the contact of allyl chloride 
with gaseous chlorine. Williams’ reports a dichlorohydrin 
yield of 91.4% (based on allyl chloride) for carefully 
controlled chlorohydrination carried out at 28°C. 

The last step in the allyl chloride route to synthetic 
glycerine is shown in Equation (3). For direct conversion 
of glycerol dichlorohydrin to glycerine, the use of lime is 
not suitable because the produce cannot be successfully 
distilled from by-prduct calcium chloride. The reaction 
may be carried out in good yield (better than 90%) by 
contacting the crude dichlorohydrin with aqueous alkali 
containing 10% NaOH and 1% NasCOs. In the hydrolysis 
of the chlorohydrin, the preferred operating temperature 
is 150°C with a contact time of 30 minutes. 

An alternate route to glycerine via the epichlorohydrin 
permits the replacement of about one-half of the caustic 
soda by cheaper lime. Glycerol epichlorohydrin, the 
intermediate product, is readily hydrolised to glycerol by 
treatment with caustic soda and soda ash. 

In either production method, the crude glycerol is 
concentrated to 85% strength in flash evaporators. Further 
purification to 99+ % is effected by a combination of sol- 
vent extraction (with xylene) and vacuum fractionation. 


Allyl Alcohol Route to Glycerine 


An entirely different course of glycerine synthesis 
underlies Shell's new unit at Norco, Lamont. Here, too, 
propylene serves as the raw material, but acrolein and 
hydrogen peroxide are the intermediates. While details 


of the process have not become known, the weight of 
evidence points toward the following route: ‘ 


(A) Production of Isopropyl Alcohol and Acetone 


CH,—CH=CH,+H,0 ——-> CH,—CH(OH)—CH, jana 
(H,SO,) isopropyl alcohol 
Oo 


(O,) 
CH,CH(OH)CH, ———> H,O,+CH,—C—CH, 
(B) Production of Acrolein 


(O,) 
CH,—CH=CH, ——-> CH, =CH—CHO saee) 


(C) Production of Glycerine 
CH,=CH—CHO+ CH,—CH(OH)—CH, —-> oO 


CH,=CH—CH,OH + CH,CCH, 
Allyl alcohol acetone 
waeeee 
CH,—CH—CH,OH-+ H,0, —> CH,(OH)—CH(OH)—CH,(OH) 
hydrogen glycerine 
peroxide 
(from eq. (5)) ale 


Highlights in the technical execution of these processes 
are as follows: 

(A) The hydration of propslene to isopropanol has 
been practised for over twenty years. As the method is so 
well established no further discussion of it is warranted 


here. 
Oxidation of isopropanol to hydrogen peroxide plus 
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acetone, on the other hand, is a new contribution. It is 
one of several processes which have been introduced com- 
mercially since 1953 for the non-electrolytic production 
of hydrogen peroxide. 

Two versions are available, and are carried out in the 
vapour phase and in the liquid phase, respectively. The 
latter approach’ has been reported as the course chosen 
by the Shell Chemical Co. The reaction is autocatalytic; 
i.e., hydrogen peroxide itself promotes it, and to eliminate 
a lengthy incubation period, about 1 wt.%, hydrogen 
peroxide is fed to the reactor together with the alcohol. 
Oxygen of 80-95% serves as the oxidising agent and the 
operation is carried out at 90-140°C and 200-300 psig. 

The reactor construction material is critical. NoAC 
may be selected, which promotes the decomposition of 
hydrogen peroxide, as will iron, steel, and nickel. Good 
results are also reported for glass, acid enamel, alu- 
minium, tin, and organic resins. Hydrogen peroxide con- 
centration is allowed to build up to 15-25 wt.% in the 
product stream which is withdrawn continuously from the 
reactor. This stream must be water-diluted to 6-10% 
strength before distillative concentration to avoid an 
explosive condition due to simultaneous presence of highly 
concentrated H.O. and organic compounds. Stabilisers 
are also added at this stage. 

As a first step in the recovery process, acetone and 
unconverted isopropyl alcohol are distilled off. Further 
purification is effected by ion exchange (to remove con- 
tained heavy metals) and finally by distillation. In one 
series of experiments, carried out at a per-pass alcohol 
conversion of 15%, reactor yield of acetone was 93% on 
alcohol. Including purification, overall yield of hydrogen 
peroxide was 87% on isopropyl alcohol. 

(B) Two processes for the synthesis of acrolein are 
practised commercially in the United States. The conven- 
tional method, employed by the Carbide & Carbon 
Chemicals Co., involves the condensation of formaldehyde 
with acetaldehyde. The second method, partial oxidation 
of propylene (Equation (6)) underlies the new glycerine 
synthesis at Shell's Norco plant. Air serves as the oxidant. 
In this precess, the catalyst is cuprous oxide on a carrier 
(probably silicon carbide). This catalyst is effective over 
a range of conditions, the following being preferred: 

Oxygen concentration in reaction 

mixture prior to contact with 
the catalyst, volume % we 4to 8 


Mole ratio, propylene to oxyge 4:1 to 10:1 
Balance of reaction mixture Steam or _ inert 

permanent gases 
Apparent contact time, seconds ... 0.1 to 2 
Temperature, °C 250 to 450 
Pressure, atmospheres 1 to 10 


Conversicn per pass is 10-20%, on propylene with a 
corresponding cxygen conversion of 20-60%. Yield on 
hydrocarbon may be as high as 86%. The reactor must be 
thoroughly cooled for removal of the reaction heat. 
Reactor gases are cooled and water-scrubbed for recovery 
of acrolein. A portion of the tail gases is recycled for 
further utilisation of unconverted propylene. The scrubber 
liquor is necessarily quite weak, containing only 1.5 to 
2% acrolein. This product, together with other oxygenated 
chemicals, is stripped from the aqueous solution. The 
crude product is contaminated by acetaldehyde, acetone, 
plus minor quatities of other oxygenated chemicals. Puri- 
fication may be effected by extractive distillation, using 
water as a solvent. Acrolein is taken overhead in 99.4% 
purity; the bottoms retain acrolein in only 0.1% concen- 
tration. 

(C) Two routes are open for converting acrolein to 
glycerine. One of these involves reaction acrolein with 
hydrogen peroxide to yield glyceraldehyde which is then 
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reduced to giycerine. More probably, however, Shell 
converts acrolein to allyl alchohol by reaction with an 
alcohol (ethyl alcohol or osopropanol will serve). The 
resulting allyl alcohol is reacted with hydrogen peroxide 
to yield glycerine. This is the course shown above by 
reactions (7) and (8), and is discussed below. 

(1) Acrolein to Allyl Alcohol. This is one of several 
routes to allyl alcohol, a compound which is conven- 
tionally produced by hydrolysis of allyl chloride. 

Acrolein may be converted to allyl alcohol by reduction 
by a primary or secondary aliphatic alcohol.’ The most 
likely choice is isopropyl alcohol which is converted to 
acetone in the course of the reaction, or ethyl alcohol to 
yield by-product acetaldehyde. 

The reaction is caried out in a vapour phase. A 4:1 
molar mixture of magnesium oxide and zinc oxide serves 
as the catalyst. The temperature must be high enough to 
maintain the vapour phase, but must be below the decom- 
position point of the feed materials or of the product. 
It is normally held between 350 and 450°C. Substantially 
atmospheric pressure is employed. 

The alcohol is used in excess above theory and an alco- 
hol:acrolein ratio between 2:1 and 6:1 is in order. The 
hourly space velocity is about 60 moles reactants a litre 
per catalyst/hour. The feed materials are used in com- 
mercial purity; water is not added and the presence of 
hydrogen is cbjectionable because it will lead to some 
saturation of the olefinic double bond. The catalyst can 
be reactivated by the passage of air-stream mixture, and 
by controlling the temperature to a peak of 480°C. 
Catalyst on-stream life is some 10 to 15 hours and this is 
followed by a regeneration period of | to 2 hours. 

The yield of allyl alcohol is influenced by many of the 
variables mentioned above, but a realisation of 77.5% (on 
acrolein) is attainable in the reaction of acrolein with 
ethyl alcohol. 

(2) Allyl Alcohol to Glycerine, A variety of catalysts 
(osmium dioxide, tungstic oxide, etc.) have been used 
effectively fer the hydroxylation of olefinic compounds by 
means of hydrogen peroxide. Most of these catalysts are 
expensive and methods for their complete recovery would 
have to be incorporated into any commercial process. 

An important recent contribution to the art, which may 
well be the basis for Shell’s operation, is the use of 
organic sulfonic acids as catalyst for hydroxylation.’ In 
this service, a catalyst may be selected which is wholly 
soluble in the feed olefinic compound. Hydrogen peroxide 
may be added as aqueous solution. The reaction has been 
carried out effectively by the use of 37% as well as of 
90% HO». The olefinic compound is fed in excess of the 
stoichiometric ratio, namely in the molar ratio range 1.1 
to 4.0. Reaction temperature is 50-100°C, depending pri- 
marily on the compound to be hydroxylated. Catalyst 
concentration is between 5 and 12% on the olefinic feed 
compound. Reaction time is from 2 to 6 hours. 

In one experiment, cited by C. W. Smith,’ allyl alcohol 
was reacted with hydrogen peroxide, using 1.11 moles 
alcohol per mole of hydrogen peroxide. The peroxide was 
added to the alcohol over a period of 4 hours followed 
by further reaction for an additional hour. At 90 to 98°C, 
under reflux, in the presence of about 5 mole % of para- 
toluenesulfonic acid (on allyl alcohol), the yield of gly- 
cerine, based on peroxide, was 57%. Yield is evidently 
improved by taking less conversion per pass (by use of 
higher allyl alcohol: H2O, ratio). Thus, reaction to 53% 
allyl alcohol conversion at 40°C gave a reported yield 
of 75%, based on hydrogen peroxide. 
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Fig. 1. Typical fatigue and ductile 

failures in mild steel. The ductile 

failure, right, shows considerable 

reduction in area from the original 

section (indicated by the black 
lines). 


APPLICATION OF RESEARCH 
TO PRESSURE-VESSEL DESIGN 


By P. H. R. LANE, B.Sc.(Eng.), A.I.M., A.M.Inst.W. 


The author shows 
investigations into 


in this article how the results of 
strength and stress distributions in 


pressure vessels can be applied to improving their design 


RESSURE vessels are almost always designed to com- 
P>: with the requirements of construction codes that 
prescribe methods of design for the main shell and for the 
various details, and that specify standards of workmanship 
and inspection. In this article only those requirements of 
the codes that relate to design will be considered. 

In work on the design of the cylindrical shell, Dorey’ 
has considered the formule of seven different authorities 
which lay down design methods for pressure vessels; he 
has shown that all the formule can be expressed, within 





“ 4 (Where 


2f 


a variation of +1%, in linear form: t = 


t denotes the basic thickness in inches, P is the internal 
pressure in lb./sq.in., D the internal diameter in inches, 
and f the allowable design stress in Ib./sq.in.) While 
nearly all the code formule can be expressed in this simple 
form, there was at the time Dorey made his comparison, 
and there still is, considerable variation in the allowable 
design stress, f, in the various codes. [he basic design stress 
to be inserted in the above formula varies from 11,170 Ib./ 
sq.in. to 14,5701b./sq.in. for plate material having an 
ultimate strength of 28 tons/sq.in. and at working tem- 
perature of up to 490°F. 

For virtually all codes in use today, the allowable stress 
values are related to the ultimate strength of the plate 
material, which implies that the purpose of the design 
method is to ensure against bursting of the vessel by 
static overload. It must be presumed that the code writers 
have made the assumption that if the hoop stress in the 
plain cylindrical shell of the vessel is kept sufficiently far 
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below the ultimate strength of the material, such static 
failure will be prevented. The amount by which the design 
stress is smaller than the ultimate strength of the material. 
is generally regarded as a factor of safety, but has 
not infrequently been referred to more realistically as 
a factor of ignorance. In fact, while all the code require- 
ments lead one to assume that it is necessary to design the 
vessel so that its static bursting strength is adequate, few, 
if any, such failures of welded pressure vessels have ever 
been reported. 

Such failures as do occur generally show very little 
deformation close to the fracture, and do not resemble 
the ductile type of failure obtained in a simple tensile test. 
It has been suggested that over 90% of all service failures 
are, in fact, due to fatigue. If vessels are going to fail in 
service by something other than static overload, it would 
seem rather pointless, at first sight, to base the design 
formula on an expression and on stress values which are 
principally related to static bursting strength. Underlying 
the majority of codes in use today is a basic conservatism, 
partly imposed by those authorities which are responsible 
for ensuring the safety of welded pressure vessels. This 
conservatism dictates that any increase in design stresses 
should be based primarily on service experience and 
rational methods of design, and that significant increase 
of stress would have to be justified by such experience. 

Commission XI of the International Institute of Welding 
has devoted much thought and discussion to the general 
problem of pressure-vessel design. They have listed the 
most probable ways in which a pressure vessel may prove 
unsuitable for duty’; these are: 

(A) It may suffer excessive deformation : 

(1) On first hydraulic test. Local plastic strain causes 
leakage at mechanical joints. 

(2) On normal hydraulic test. Cold elastic strain range 
causes leakage at mechanical joints. 

(3) Under working conditions. Hot elastic strain range 
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causes leakage at mechanical joints. 
(4) Under working conditions. Creep strain exceeds 
a permitted maximum in the life of the vessel. 


(B) It may corrode: 

(5) Under working conditions. General wall thinning 
exceeds the corrosion allowance. 

(6) Under working conditions. Disruption of the pro- 
tective skin exceeds its ability to reseal. 

(7) Under working conditions. Repeated yield and 
reverse yield causes corrosion fatigue. 


‘) It may crack or rupture: 

(8) After welding or on first hydraulic test. Effective 
rupturing stress lower than effective yield stress causes 
brittle fracture. 

(9) Under working conditions. Total strain 
exceeds the permissible plastic fatigue strain range. 
(10) At excessive pressure. Effective rupturing stress 
exceeds the ultimate tensile strength, thus causing 
bursting. 


~ 


range 


A similar list has been given by Carlson and McKean.’ 
Of the possible ways, stated above, in which a vessel may 
prove unsuitable for duty, the only ones which depend on 
the normal simple thickness calculation are numbers (4), 
(6) and (7), and these can be assumed to depend more on 
yield point than on ultimate strength. 

In 1946, as a result of a paper by Heeley‘ and the note 
by Dorey' referred to earlier, there was considerable dis- 
cussion of the allowable design stress and the design 
method to be applied to welded pressure vessels. During 
the whole discussion there was no firm suggestion that any 
design stress adopted should be based on anything other 
than a fraction of the ultimate strength of the material. 
More recently Kerkhof* has suggested that, since in service 
the form of failure is more closely allied to a fatigue failure 
than to simple bursting, a more rational design method 
could be based on the behaviour of the material under 


fatigue conditions. However, this is not the same type 
of fatigue as that normally considered, where endurance 
values of two million or ten million cycles are attained, 
but is that in which relatively short lives of up to 25,000 
cycles are withstood before failure. Where such short 
endurance limits define the life required, high strains can 
be applied. 

In Kerkhof’s proposed design method the allowable 
design stress is based on the yield point of the material. 
His argument is related to the International Institute of 
Welding’s analysis of the ways in which a vessel may prove 
unsuitable for service, which has been quoted above. The 
aim of the standard thickness calculation is to prevent 
excessive creep strain, the rupture under working conditions 
of the protective skin of the material at a rate greater than 
this can be resealed, or the repeated yielding and reverse 
yielding in service which could accelerate corrosion fatigue. 
He therefore suggests that it is the yield point stress of the 
material that is important, and that design stresses should 
be based on this. This same general argument is put for- 
ward in the International Institute of Welding paper 
referred to.” 

Gross and Stout® have carried out many plastic-fatigue 
tests, applying strains so as to attain failure after 5000, 
20,000 or 100,000 cycles. Their results indicate that, at lives 
up to 100,000 cycles, the allowable strain range is related 
to the ultimate strength of the material. 

To summarise, the present position in the consideration 
of design stresses is that they are almost exclusively based 
on the ultimate strength of the material. The question of 
whether the use of yield point would not be more rational 
and economic is being considered by a number of 
authorities. 


Fatigue 


Mention has been made of failure by fatigue. It is well 
known that if a metal test piece or component is repeatedly 
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Fig. 2. Compensated branch connection showing effective area for compensation. The thickness 
has been exaggerated for clarity and the weld profiles are shown diagrammatically. 
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subjected to applications of a load less than that required 
to break it in a single application, failure can nevertheless 
occur after a large number of such applications. This 
behaviour is called fatigue. Characteristic of a fatigue 
failure is the fracture surface, which usually has a particu- 
larly smooth appearance. The “necking” found in a tensile 
test on a ductile material is absent or greatly reduced, 
even when the material in question would show a ductile 
failure in a normal tensile test. 

Some “necking”, or reduction of area, does occur in 
laboratory fatigue tests on smooth specimens. This, how- 
ever, is due to the plastic deformation of the residual 
area of the material in the final stages of the test, and is 
not associated with the true fatigue failure. Fig. 1 shows 
typical static and fatigue failures in a normal mild steel. 

In service, pressure vessels are almost invariably subject 
to fluctuating stresses of some kind, and, simultaneously, 
te the action of a corrosive medium. The effect of this 
corrosive medium is to reduce the fatigue strength. The 
combined action of a corrosive medium and a fluctuating 
stress is referred to as corrosion fatigue. Experimental 
work has shown that the conditions of a fatigue test in 
air, even at ordinary temperatures, must be assumed to be 
corrosive, since fatigue tests in vacuum have shown 
increased lives over those obtained for identical specimens 
tested in air.’ The actions of fatigue and corrosion are 
interconnected, as Haigh® demonstrated by the application 
first of corroding conditions to his specimens, and then, 
after cleaning and drying them, of fatigue conditions. The 
prior corrosion, although it caused surface pitting, only 
slightly enhanced the severity of the fatigue effect. When 
the two conditions were applied simultaneously, the action 
was much greater than with fatigue alone. Similar work 
has been carried out by Evans and Whitwham’ who 
reversed the procedure, i.e., they applied first fatigue con- 
ditions, and then corrosion, but found that the total effect 
obtained from the successive tests was much less than that 
due to the combined condition. 

Under fatigue conditions alone, mild steel, from which 
the majority of pressure vessels are constructed, shows a 
definite fatigue limit, i.e., a stress range below which 
fracture will not occur, however long the applications of 
stress are repeated. Under corrosion fatigue no such limit has 
been determined, the effect being continuous, however low 
the stress may be. When the applied stress is zero, ordinary 
corrosion becomes the lower limit of activity." A further 
point of difference between ordinary fatigue and corrosion 
fatigue is that, whereas with the fermer the mean stress 
is of importance as well as the range of stress to which the 
specimen or structure is subjected, with corrosion fatigue 
it appears that the stress range only is of importance, the 
mean stress exerting little or no effect. While corrosion 
fatigue is probably more damaging than fatigue acting 
alone, it can, unlike the latter, be greatly reduced in effect 
by suitable protective coatings. Suitable paints have been 
developed, and for steel a coating of zinc, applied either by 
galvanising or in the form of a zinc-rich paint, is known to 
give very good results. Dissolved corrosion inhibitors such 
as the chromates or dichromates may also reduce, or 
eliminate, the dangers of corrosion fatigue in certain 
corrosive media. 

An important aspect both of fatigue alone and corrosion 
fatigue is that the severity of the effect depends on the 
detailed stress distributions. This is an essential difference 
between the behaviour of a test specimen or a structure 
when it is subjected simply to one application of an exces- 
sive load, and its behaviour when subjected to repeated 
loading conditions. If one considers a simple tensile speci- 
men pierced with a circular hole, and subjected to a 
gradually increasing load until failure occurs, the load at 
failure can be estimated exactly from the tensile strength 
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of an unpierced specimen. Although the stress at the peri- 
phery of the hole is considerably greater than the average 
stress across the section, this difference does not lead to 
premature failure in a single load test because yielding 
occurs before failure. At points where the concentrated 
stresses are high, yielding will occur earlier than at other 
points in the specimen and this will tend to even out varia- 
tions in the stress distribution. Thus, when yielding has 
progressed across the complete width of the specimen, the 
distribution of stress is affected only very slightly by the 
presence of the hole. 

A fatigue fracture can start in a small area of highly 
stressed material; thus, if the specimen containing a hole 
was subjected to a repeated load insufficient to fracture the 
unpierced specimen, the highly stressed area local to the 
hole might well develop a fatigue crack. The load to initiate 
such a crack would be much smaller than that required to 
cause yielding in a substantial part of the specimen and 
there would therefore be no opportunity for redistribu- 
tion of stress. Once a fatigue crack has started, its tip 
represents a stress concentration of a high order and there- 
fore, under most conditions, its propagation until the speci- 
men is completely fractured is inevitable. Under corrosion 
fatigue conditions, a similar action will occur, although, 
as discussed above, the fatigue action is enhanced by the 
presence of the corrosive medium. 

A fatigue failure can thus originate in a relatively small 
area of highly-stressed material, and will then propagate 
into the surrounding material in which the mean stress 
could be below the normal fatigue limit. Owing to this, if 
any attempt is to be made to develop a design method for 
pressure vessels based on fatigue data, and if this means 
raising allowable stresses, much more attention will have 
to be given than hitherto, to the design of such details as 
branch openings, drumheads and manholes. High stresses 
will occur locally at all points where an abrupt change 
of shape occurs. These high stresses are related solely to 
the geometry of the part and will occur regardless of the 
general theory of design which is being used. They occur 
in vessels designed according to the current rules, but they 
generally have no ill effect. This is because, while it is not 
explicitly stated in the codes, the application of the various 
“safety” factors, which are dictated more by experience 
than by any rational consideration of the ability of the 
vessel to sustain certain stresses, does, in fact, lessen the 
effect of local stress concentrations. Thus, vessels are safe- 
guarded against high local stresses by the use of relatively 
low design stresses. If any proposal were adopted by which 
the main shell of a vessel would be subjected to a stress 
close to the maximum which it could safely sustain under 
service conditions, it would have to be accompanied by 
methods of detail design related to the actual stress 
distribution. 


Assessment of Stress Conditions 

Any rational assessment of stress distributions around 
details is unfortunately complicated by the fact that not 
only must the maximum surface stress be taken into 
account, but due weight must also be given to the distribu- 
tion of stress through the thickness of the material. A 
simple approach on these lines was made by Gross, Lane 
and Wells," who, in discussing drumheads, suggested that 
if any given factor of safety was attached to the heart of 
plate stress, then half this factor only need be applied to 
the maximum surface stress. 

The International Institute of Welding, Commission XI, 
has approached the same problem by recognising two 
limiting types of stress concentration. The first of these, 
called “alpha” stressing, involves a high stress occurring 
over a relatively large arez of the part concerned. If yield- 
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Fig. 3. Diagram showing reinforcing plates attached to an 
experimental vessel. 
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Fig. 4. Development of residual stress in material strained 
beyond the yield point. (Idealised.) 


ing is to Occur On the first application of load, there is no 
elastic material close enough to limit the yielding and 
this could spread into the interior of the stressed section. 
The resulting deformation has therefore to be arrested by 
ensuring that the load becomes balanced by the part itself 
before this yields throughout its thickness. The other limit- 
ing type of stress concentration has been called “omega” 
Stressing, and in this the high stress occurs only in a small 
volume of the part. If the stress at the point of maximum 
concentration reaches the yield point on the first applica- 
tion cf load, yielding is confined to the locality of the 
concentration of stress, by virtue of the fact that the 
Surrounding material is still elastic. This highly localised 
yielding would not cause any gross deformation. It should 
be appreciated that stresses up to yield point magnitude do, 
in fact, occur normally in most service vessels. The occur- 
rence of yielding itself does not necessarily impair the 
load-carrying capacity of the structure. 
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Discussion of methods of deriving general design stresses 
is at present based principally on experience and intuition, 
and, beyond determining the properties of materials, 
research investigations are generally not taken into account. 
The application of mathematical stress analyses, supple- 
mented by experimental measurements, can, however, pro- 
vide much useful information when detailed design is 
considered. Some examples of this are given below. 


Analysis of Stress Distributions 


Much effort has been devoted to determining the stress 
concentrations around branch cpenings in cylindrical shells. 
The present rules for reinforcing such openings call for the 
replacement around the hole of an equivalent amount of 
metal to that removed from the shell. The replacement is 
provided partly by the wall of any branch and partly by 
a compensating plate; the equivalence is determined by 
equality of area on a longitudinal section (Fig. 2). The 
British Welding Research Association has been carrying 
out an investigation in which the distributions of stresses 
around branches were measured. This has shown that the 
normal rule, which from the point of view of stress dis- 
tribution has no rational basis, does not necessarily lead to 
the most economical method of reinforcing openings. 

Strain measurements were made first around three 
branches attached to a cylindrical shell, with the branch 
tubes flush with the inside of the shell. The bores of all 
three branches were the same and the ratio of these to 
the internal diameter of the shell was approximately 1 : 34. 
The thickness of the branches varied from that required 
to give the branch the same strength under internal pressure 
as was possessed by the shell (two-sevenths of the shell 
thickness), through an intermediate thickness, to one equal 
in thickness to the shell. This last was therefore three and 
a half times as thick as it need have been to withstand 
internal pressure alone. None of the branches was provided 
with any additional plate reinforcement. A considerable 
concentration of stress was found on the ifside surface 
of the shell, close to the junction with the branch on the 
longitudinal section plane through the axes of both branch 
and shell. For the branch that had the same internal 
pressure strength as the shell (the thinnest), this stress 
intensification was approximately four, and for the branch 
which had the same thickness as the shell, the stress 
intensification was 2.6. 

In a second series of tests, six branches were attached 
to a vessel: each branch was designed to have the same 
strength against internal pressure as had the shell, and 
the ratio between the bore of each branch and that of the 
shell was 1:34. One of these six branches was allowed to 
protrude for a short distance on the inside of the shell 
and it was found that the maximum stress intensification 
for this branch was 2.2. This should be compared with the 
value of four, which was cbtained for an exactly similar 
branch which was flush on the inside of the shell. 

The other five branches of the second vessel were pro- 
vided with reinforcing plates of various proportions. In 
each case, the conventional rule for reinforcing plates was 
followed, namely, on a longitudinal section the aggregate 
area of reinforcement should be equal to the area of metal 
removed from the shell. The variation in these five 
branches lay in the proportions of the reinforcing plates 
used. These are illustrated in Fig. 3. Measurements of the 
stresses around the branches indicated that the maximum 
stress intensification around branch D was a little lower 
than that around either branch E or F, but was higher 
than had been found for the branch which had no rein- 
forcing plate but which protruded on the inside of the 
drum. The stress intensification around branch G was 
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TABLE 1—DESIGN PRESSURES FOR A GIVEN PLAIN DRUMHEAD 
42 in. L.D. 0.718 in. thick 
Considering absolute working stress as basis for design 










































































Design pressure: P, Ib. per sq. in. ... 265 315 365 415 465 515 565 665 715 765 
Shop test pressure: (1.5P + 50), Ib. 

per sq. in. 7 a its 448 $22 598 672 748 822 898 1048} 1122 1198 
Site test pressure: (1.25P + 100), 

Ib. per sq. in. ‘de ‘a s 431 494 556 619 682 744 806 932 994 1057 
Stress range at (1.5P + 50), tons per 

sq. in. ane ia 13.1 15.3 17.5 19.7 21.9 24.0 26.3 30.7} 32.8 35.0 
Stress range at (1.25P + 100), tons 

per sq. in.... ‘a san soe 12.6 14.5 16.2 18.1 20.2 21.8 23.6 27.2} 29.1 30.9 
Stress range at P, tons per sq. in. ... 7.8 9.2 10.7 12.1 13.6 15.1 16.5 19.5} 20.9 22.4 
Assumed yield pam, tons per sq. in. 16 16 16 16 16 16 16 16 16 
Residual ‘after (. SP 4 50), tons per 

sq. in. ; “ae = 0 0 3.7 | —5.9 | — 8.0 | — 10.3] —14.7 | — 16] — 16 
“Absohete | stress at (1.25P + 100), 

tons per he in. on mee 12.6 14.7 14.7 14.4 14.3 13.8 13.3 12.5} 13.1 al 
Absolute Stress at P, tons per sq. in. 7.8 9.2 9.2 8.4 7.7 7.1 6.2 4.8 4.9 6.4 





























lower than that around any of branches D, E or F, and 
that around branch H was lower still, being only 1.5. The 
reinforcement around branch D is similar to many that 
are in service, but it showed a stress intensification of 2.6. 
Therefore, allowing the branch to protrude into the shell 
is a more effective and more economical method of re- 
ducing the stress intensification than attaching a reinforcing 
plate on the outside only. 

Some fatigue tests have been carried out on small drums 
provided with unreinforced branches. Some of the branches 
were flush on the inside surface, and some were allowed 
to protrude into the drum. For the latter type of specimen, 
it was found that the life corresponded well with that of a 
plain plate specimen tested under pulsating uniaxial ten- 
sion at a stress equal to the maximum concentrated stress 
around the branch. From this it can be seen that, if design 
is to be based on fatigue data, values of stress concentra- 
tion at discontinuities assume considerable importance. 

Carlson and McKean‘ have suggested that the stress 
range at a point of stress concentration is of importance, 
rather than the absolute value of stress at the working 
pressure. These two quantities can well be very different 
if the value of the concentrated stress at working pressure, 
or at the test pressure, is sufficient to cause local yielding. 
If such local yielding does occur, material which was 
initially unstressed will be subject to compressive stress 
after the release of the first application of pressure (see 
Fig. 4). This distinction between absolute stress and stress 
range is well illustrated in Table 1, which is taken from 
the paper by Carlson and McKean. The table refers to a 
plain drumhead of 42in. internal diameter and 0.718 in. 
thick for a cylindrical pressure vessel. Such a head would 
normally be used in Britain for a design pressure of 
315 lb./sq. in. The table shows absolute combined working 
stress for this head at various other design pressures, 
assuming that it had been given the appropriate pre- 
liminary shop-test pressure of 1.5P + 1001b./sq. in. where 
P is the design pressure. It can be seen that the absolute 
stress is lowest for a design pressure of 615 1b./sq. in. 
although it is obvious that the head is unlikely to be more 
safe at this pressure than at its normal design pressure of 
315 Ib./sq. in. 
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This serves to illustrate the fact that it is neither rational 
nor safe to assume that the design stresses in use today 
have real meaning if they are considered apart from the 
design formule with which they are intended to be used. 
It is particularly appropriate that this should be empha- 
sised at the present time, when, for atomic power stations, 
a large number of constructions have to be designed with- 
out the usual background of experience. If the actual 
maximum stresses are computed and held below the 
generally accepted design stresses, unnecessarily heavy and 
rigid designs will result. 

Another investigation in which stress analysis has been 
used to make a design more rational and more economical 
is in the case of the reinforcement of manhole openings 
in welded oil-storage tanks. Lane and Wells” have shown 
by experiment, and subsequent mathematical analysis” has 
confirmed, that it is possible to dispense with the present 
conventional reinforcing plates by allowing the manhole 
tube to protrude a short distance into the tank. Where 
this is not possible, owing, for example, to the presence of 
a floating roof, a similar result can be obtained by increas- 
ing slightly the thickness of the manhole tube. 

Tests were carried out on a full size 24-in. diameter 
manhole inserted in a 1-in. thick plate which represented 
part of a cylindrical tank, and provided with the conven- 
tional reinforcing plate which consisted of an Il-in. wide 
by I-in. thick doubler plate around the manhole. Measure- 
ments were made of the strain in the shell plate, especially 
around the manhole tube, and also of the load at which 
general yield occurred. This test was followed by one on 
a quarter-scale opening provided with a similar reinforcing 
plate. It was found in both cases that the stress intensifica- 
tion around the opening was approximately 1.9. The ratio 
between the loads at general yield for the test specimens 
and the loads which would have been required to cause 
general yielding in unpierced plates of the same materials 
was approximately 0.75. A third test was carried out on a 
quarter-scale model of a similar manhole which had no 
reinforcing plate, but which was provided with a manhole 
neck a little over half the thickness of the test plate, 
and which was allowed to protrude into what would have 
been the inside of the tank. With this design, the maximum 
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stress intensification factor was found to be 1.8 and the 
load factor at general yield was again 0.75. A fourth test 
was carried out on a further quarter-scale model of a 
manhole which had no reinforcing plate, but which was 
supplied with a manhole tube slightly thicker than the shell 
plate but on one side only of the plate. With this design, 
the maximum stress intensification factor was 1.9 and the 
load factor at general yield 0.82. The latter two specimens 
were designed on a rational basis, and with considerable 
economy both of material and workmanship. They are as 
good as the conventional design if either maximum stress 
concentration or the load factor at general yield is taken 
as a criterion. 


Test Methods 

Pressure components can be tested in many different 
ways, but, in general, these can be reduced to three types 
of test. First, there are simple overload tests, which, in the 
case of a pressure component, would be a bursting test. 
Second, there are fatigue tests, in which the specimen is 
subjected to repeated applications of a load which is 
insufficient to break it at one application; third, there are 
the various methods of stress analysis. 

It has been mentioned earlier that examination of service 
failures rarely indicates that they are caused by simple 
overload. In normal service, components also are rarely 
subjected to the drastic fatigue conditions which are usually 
adopted for laboratory testing. In fact, to reduce the time 
required for testing, the maximum loads are usually 
several times higher than service loads. In addition, the 
loading cycle is frequently a completely reversed stress 
cycle, or when this is impossible, as with pressure com- 
ponents, the loading takes the form of pulsations from a 
low pressure (virtually zero) to the maximum. Service con- 
ditions, on the other hand, normally consist of a large 
number of small fluctuations of pressure superimposed on 
the essentially static working pressure. From time to time 
the pressure in the vessel may also be reduced to zero 
during a shut-down. Vessels used in the chemical industry 
for working a batch process will, of course, be subjected to 
more cycles of pressure from zero to the maximum; but 
two million cycles, which is a common limit for laboratory 
fatigue test, represents the application and removal of the 
working pressure once every hour for 228 years. 

Analysis of the elastic stresses in a vessel cannot by 
itself provide a complete answer to the design of details. 
Whilst the stress distribution around many of these can 
be calculated or measured with considerable accuracy, 
there is no real knowledge as to what maximum concen- 
trated stress can be permitted in a vessel under service 
conditions. It is emphasised that the normal design stresses 
are solely figures to be inserted in the appropriate formula 
to determine the basic thickness of the cylindrical shell 
that experience shows will be safe. They do not, in any 
way, relate to the maximum stresses that can be tolerated 
at a point of stress concentration. 

The only way to test any vessel under conditions that 
truly represent service conditions is to take it into service. 
This is obviously impracticable and, where designs are to 
be used for which there is no experience, it would be 
prudent to obtain test data from all three sources dis- 
cussed above. With his knowledge of the service conditions 
to be met, the designer would then be in a strong position 
to consider and decide upon the detail design of the 
vessel. 

Except when a significant departure from normal 
engineering experience calls for a considerable departure 
from convention, improvement in design is necessarily 
slow. For reasons of safety and economics, changes from 
proved design methods must be made in small steps. The 
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economical aspect must be considered, since, while alter- 
ing the design method might permit the use of a lighter 
vessel for a particular service, if this vessel only lasted 
half the time that the vessel designed on the previous 
basis would have lasted, there is no saving. Extrapolation 
beyond existing experience inevitably carries with it certain 
risks, which are minimised by proceeding in small steps, 
and on a rational basis. 


Use of Improved Materials 


It has been stated that within a few years high-tensile 
low-alloy steel will have to be used for purposes for which 
nothing but mild steel is used at the present time.” 
Pressures and temperatures under which both boiler plant 
and chemical and oil industry vessels are called upon to 
operate steadily increase, and the demand for thicker shell 
plates continues. This development has made it necessary 
for steel makers to state that it is uneconomic to produce 
the thick plates required with the soundness associated 
with boiler quality. The use of materials other than mild 
steel is in itself an extrapolation which, while it must be 
made fairly soon, must nevertheless be approached with 
care and forethought. 

In changing from mild to low-alloy steel it must be borne 
in mind that mild steel is particularly good at accom- 
modating ill-treatment. It can yield considerably and thus 
ameliorate an unfavourable stress condition, and in this 
way offset many of the shortcomings of the design. Low- 
alloy steels frequently do not have these desirable 
properties in such a great degree and, while their use 
permits thinner and lighter constructions, more attention 
to the design of details is necessary for the successful 
application of such materials. One big point of difference 
between mild steel and the low-alloy steels is in the ratio 
between yield strength and the ultimate strength. Generally, 
low-alloy steels are superior to mild steel in terms of yield 
point, while the ultimate strength is not increased in pro- 
portion. To take full advantage of the low-alloy steels, 
design stresses must therefore be based on yield point and 
not on ultimate strength as hitherto. Further investigation 
is required before it could be stated with confidence which 
of these two properties of the material should be used as a 
basis for design. 

The modulus of elasticity of the low-alloy steels is not 
significantly different from that of the mild steels. If- 
therefore, higher design stresses are permitted with the 
former, increased deflections will result. Frequently these 
increased deflections will be of no account, but in some 
structures special steps would have to be taken to 
accommodate them. 

The selection of a material for any particular construc- 
tion is usually a compromise between conflicting require- 
ments. While properly planned research investigations 
can, and do, provide invaluable information, the trained 
intuition of a good designer is still at a premium. 

This article is published by permission of the Director and Council of the 


British Welding Research Association. The opinions expressed are the 
responsibility of the author alone. 


REFERENCES 
‘ Dorey, S. F. Proc. I. Mech., 1946, 159, 32. 
* International Institute of Welding, Commission XI. ‘‘Pressure Vessel 
Design’’, Document XI-2-56. Published in British Welding J., May. 1957. 
* Carlson, W. B., and McKean, J. D. Proc. I. Mech. E., 1955, 169, 269. 


*Heeley, E. J. Proc. 1. Mech. E., 1946, 154, 22. 

* Kerkhof, W. P. Paper No. 490 of West of Scotland Iron and Steel 
Institute. 

* Gross. J. H., and Stout, R. D. Welding J., 1955, 34, 161. 


* Gough, H., and Sopwith, D. G. J. Inst. Metals, October, 1932. 

* Haigh, B. P. Engineering, 1930, 130, 752. 

* Evans, U. R., and Whitwam, D. J. Jron & Steel Inst., 1950, 165. 72 

* Gould, A. J. Proc. I. Mech. E. International Conference on Fatigue, 
Paper 4.2. To be published. 

* Gross, N., Lane, P. H. R., and Wells, A. A. Engineering, 1952, 174, 
4511. 

"Lane, P. H. R.. and Wells. A. A. British Welding J., 1956, 3, 414. 

* Lane, P. H. R. British Welding Research Association Report FE24/6/57 
(unpublished). 

Harris, H. Paper No. 491 of West of Scotland Iron and Steel Institute. 


557 








APPLICATION OF AUTOMATIC PROCESS 
CONTROL TO CHEMICAL ENGINEERING 


Part 3: Process stage response* 


by N. J. 


HE question arises as to just how far the mathematical 

development of process control should be pursued by 
the plant engineer. Few chemical engineers will have both 
the time and inclination to acquire the necessary mathe- 
matical background for an intensive study of automatic 
control, but fortunately this is not necessary for a general 
understanding of the basic principles for plant operation. 
A survey of available text-books indicates that An Intro- 
duction to Process Control System Design, by A. J. Young 
(Longmans, Green & Co., London), is the work likely to 
be of most use to the plant engineer. A more recent work 
by N. H. Ceaglske (Automatic Process Control for 
Chemical Engineers, John Wiley, New York: Chapman & 
Hall, London) will not be found as useful to chemical 
engineers as its title would imply. The majority of text- 
books in this field are based on mathematics more familiar 
to electrical than to chemical engineers. 

For pre-design or modification to existing processes both 
to ensure controllability and provide the right type of con- 
trol, the choice lies between trial and error methods or 
mathematical, including analogue analysis. The basis for 
design is the differential equation governing the response 
of each process stage. This at least should be within the 
province of the chemical engineer, but here again it will 
not always be easy, and simplifying approximations will 
usually be necessary. 

Because of the importance of instrument response and 
the close analogy with process stage response, the reaction 
of an idealised thermometer as a typical measuring in- 
strument has been studied. In the preceding articles, the 
response equation of such an instrument to each of three 
different types of imposed change was derived. 

(1) Step change: dé/dt+é¢/L=0 icone 

(2) Ramp change: dé/dt+¢/L=WN . (9a) 

(3) Sinusoidal : dé/dt+6/L =X (15a) 

The general form of these three equations is: 

dé/dt+6/L =dT/dt tine 

The following assumptions underlie these equations: 

(a) The heat-transfer coefficient U does not vary. 
(6) The resistance to heat flow is located entirely at 

the surface A. 

(c) Once transmitted through surface A, the heat is 
immediately and uniformly distributed throughout the 
thermometer fluid, the wall having zero heat capacity 


w cos (wi/).... 





* Previous articles were 


pp. 253-255; June, pp. 313-315 
+ Senior Lecturer, Loug ote rough ¢ 


publishe d in British C hessica) Engineering, Mav, 
and August, pp. 420-42 
ollege of Advanced Technology 

In the previous article, some errors occurred. Equation (15a) 
was given as dé/dt—6/TL . .» and in the references to the Laplace table 
and the followine derivation, (p+a) and (p—\/L) should read (p—a) and 
(p+1/L) throughout. At the end of Equation (19) w’L* should read w*L 


Corrections 
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The precise mathematical treatment of this case. as of 
non-ideal systems in general, can get very involved and is 
frequently impossible, but it is usually justifiable to make 
simplifying assumptions or, alternatively, to equate non- 
ideal systems to equivalent ideal systems. 


Sheathed Instruments 

Two Interacting Stages. Sheathed instruments are often 
a necessary evil in control work and their response will 
now be considered. As a first approximation, a sheathed 
thermometer may be regarded as comprising two heat- 
transfer surfaces and two capacities as in Fig. 1. An addi- 
tional simplifying approximation is to regard the sheath 
and any conducting fluid therein to be at uniform tem- 
perature 7” and the thermometer proper to be at uniform 
temperature 7”. 

Denoting the heat-transfer coefficients across the outer 
surfaces A” and A’ of sheath and thermometer respec- 
tively as U” and U’, and the temperature of the medium, 
T, a heat balance is struck as follows. 

For the sheath (thermal capacitance = C”): 

Rate of heat in = (7T—T”) (U” A”) =P 
Rate of heat out = (7”—T’) (U’ A’))=Q 





Rate of temperature rise = d7” /dt = (P—Q)/C” ....(25) 
For the thermometer (heat capacitance = C’): 
Rate of heat in = (7”—T’) (U’A’) 
Rate of heat out = 0 
Rate of temperature rise = d7’/dt 
_T Lilt BA A’) (26) 
... 
Differentiating pay (26) and rearranging: 
dT” dT’ (27) 


d?T' dT 
oy ‘de dt dt 


The following equation then derives from Equations 
(25), (26) and (27) by simple algebraic manipulation. 
127" _ , 
a= + b= FT 
dt* 


new «= (57) (oF) 
where a U ra A’ UA’ 


c “s . 


Substituting to give the instrument error 6=7—T, 
dé dT dT dad dT dT 

ele 3 — 06 <== ae, 

dt dt dt dt* dt* dt* 


. (28) 


whence 
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Fig. 1. Diagram of sheathed thermometer with two heat 
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Fig. 2. Curves showing response to a step change for various 
types of thermometer construction. 
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Fig. 3. Relation between measurement error T—T’, depar- 
ture of actual value of variable from set value, 9, and ®, the 
input signal. 
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gives the fundamental equation for @ in terms of 7. 


d0 dd d*T dT 
emt es" “2 a 


This general equation should be compared with Equation 
(24). The particular differential equations giving the re- 
sponse to the three types of temperature change then 
follow by substituting the particular expression for the 


1T 
temperature change. Thus for a step change, > and 
aT both = 0, and the equation reduces to: 
dt* 
d*0 dé 
-§#@=Q ison tee 


“a 

Solutions of this type of differential equation will be 
discussed later. It is evident without recourse to mathe- 
matical analysis that, before a temperature change can be 
indicated, heat must be transferred between the sheath and 
outside medium. Initial response is therefore zero. The 
response curve to a step change for a typical sheathed 
instrument is shown in Fig. 2, with comparative curves for 
unsheathed thin- and thick-walled instruments. The deri- 
vations and remarks concerning thermometer response 
apply to indicating instruments in general. 


8,, 8 in Plant Process Stages 


While the response of a process stage is analogous to 
that of a measuring instrument, there is a fundamental dis- 
tinction. In the latter we are concerned with the measure- 
ment error which is the difference between the measured 
value 7’ and the true value 7, which itself may be a 
changing value, while in a process stage we are concerned 
with %, the difference between some set value and the 
value obtaining. The set value is the zero position for 
measurement of the 4, and values, but itself stands at 
some position, J), on the measured variable scale. This is 
illustrated in Fig. 3. 

The driving force is 6 = 6,—6, where 4, is, by definition, 
an input signal which, if maintained constant at that value, 
would ultimately bring the system to an equilibrium 
state with 4 = 4. (In control literature 4, and 4 are often 
in different units and 4,, the potential deviation, is the 
equilibrium value of 4 corresponding to 4;. In our rational 
system of units, 4)= 4.) 

If, then, there is a net involuntary disturbance, 9p, im- 
posed on a process stage, and the control correction is a 
superimposed disturbance, %, the net disturbance entering 
the stage is % = %»—4%, and the object of control is to 
make 4, not 9p, zero. 

In deriving fundamental equations, the extra quantities 
and differences around the set value formulate control 
theory. When 4, relates to an input of control agent of, say, 
2 gpm, it means that amount over and above the amount nor- 
mally entering the process stage. Inputs and outputs are then 
incremental values corresponding to the incremental values 
of 6, and 4. Unless otherwise specified, this meaning will 
apply throughout the text. 


Characteristics of an Elementary 
Process Stage 

In the first article, disturbances from different sources 
were correlated in terms of deviation. A change in supply 
of control agent is the means of supplying the correcting 
disturbance to counteract the involuntary disturbances, and 
eliminate, or at least reduce, the potential deviation. The 
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problem then resolves to finding the response of a system 
to a change in the supply of control agent, thereby 
enabling the characteristics of a process stage conveniently 
to be described in terms of control agent and deviation. 

There are two controlling characteristics in a simple 
process stage, the capacitance and the rate factor. The 
capacitance of a process stage may be defined as the 
quantity of control agent stoichometrically equivalent to 
unit deviation of the material within the process stage. So 
defined, it is a quantity of energy or matter per unit 
deviation. 

The rate factor can be defined as the added rate at 
which control agent leaves the stage per unit deviation, 
with respect to standard conditions. So defined, it is a 
quantity per unit time per unit deviation. The units 
of quantity are the same in each case, so that the rela- 
tionship between capacitance and rate factor is time. 


Example 12 

Estimation of Capacitance and Rate Factors in Process 
Stages. Calculate (i) the capacitance and (ii) the rate factor 
in the following process stages: 

(a) A liquid-level process stage comprising a tank of 
superficial area 50 sq. ft X 12 ft deep, if the outflow rate at 
normal water level of 9 ft is 30 cfpm. 

(b) A thermal process stage where a throughflow of 
50 gpm of water is heated to a desired temperature of 
200°F by live steam in a tank of capacity 200 gallons. 

Answer. (a) (i) The control agent is water. 

Unit deviation = | ft. 
Quantity of control agent per ft deviation = 50 cu. ft. 
i.e., Capacitance = 50 cu. ft water, per | ft deviation. 

(ii) The outflow rate is proportional to /!, say = K.h! 

The outflow rate at 10 ft head (unit deviation) will be 
compared with that at 9 ft head (standard outflow). 

At 9 ft head. Rate = 30cfpm = K.9!, whence K = 10. 

At 10 ft head. Rate = K.10! = 31.6 cfpm. 

Rate factor = 31.6—30 = 1.6 cfpm water, per | ft 
deviation. 

(Evidently the rate factor in this case is not invariant, 
but for small level changes it can be taken as constant.) 

(b) (i) Steam is the control agent. 

Unit deviation = IF. 

To raise 200 gallons of water by 1°F requires 2000 Btu 

cr 2 lb. steam. Capacitance of stage = 2 |b. steam per 1°F. 


Fig. 4. Acidity response 
curve referred to in the 
calculation of instrument 
response to a sudden dis- 
turbance. 
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(ii) The throughput of 50 gpm of water carries an extra 
500 Btupm of heat for each additional 1°F of temperature 
(unit deviation). This is equivalent to 4 lbpm of steam, per 
| F, which is the rate factor. 


capacitance 
rate factor 








Note that in each case = time. 

In process control literature, a process stage is regarded 
as comprising either a capacity and resistance or a capa- 
city and flow rate. This present treatment unifies these 
conceptions. 


Response of an Elementary Process Stage 

As stated, a process stage is considered with reference 
to scheduled or standard conditions as reference or datum 
values. Denoting the capacitance of a process stage by C 
and the rate factor by g, the response to an input disturb- 
ance #, when the deviation is % is now derived. (4; and 4, 
are instantaneous values and need not be related.) Since, 
by definition, 4; is also the potential deviation that would 
ultimately obtain if the disturbance remained constant at 
that value, it follows that the control agent input equivalent 
to an input signal 4; is g#:. The amount of control agent 
leaving when the deviation is * is by definition, g. 

When the input disturbance is 4; and the deviation is 4, 
the equivalent input and offtake rates of control agent are 
then respectively g# and qg%. The difference or accumula- 
tion causes a change in %. Thus in an infinitesimal time 
period, dt, we have: 

Control agent input = g@,dt 
Control agent output = g.dt 
Accumulation = qgdt(4@,— 4.) 

Measured variable change = dé. = qdt(6,;—‘%)/C. 


dbz q q 
hence — + = 10. — }0 ‘ear 
whence at () 2 (+) 1 


This is the fundamental differential equation governing 
the response of a simple process stage. 


Example 13 

Rate of Level Change in Tank with input Rate Different 
from Output. The water level in the tank cf Example 12 
is 8ft 6in. The water input rate 32 cfpm. Calculate the 


rate at which the water level is changing. 


800 telete) 1200 iF lele) iT -lele) iT - Tele) 


TIME — SECONDS 


British Chemical Engineering 








Answer. Deviation = # = 8.5—9 = —0.5 ft. 
Rate factor= g =1.16 cfpm, per ft (cf. Example 12) 
Net output rate = %&q = —0.5X 1.16 = —0.58 cfpm. 
Net input rate = 32—30 = 2 cfpm. 
(Here the term net is used to emphasise increments 
relative to normal quantities.) 
Accumulation in tank = 2—(—0.58) 
2.58 cfpm. 
Rate of change of level = d6./dt 
accumulation 
capacitance 
— 2.58/50 = 0.516 fpm. 


Comparison with Thermometer 
Response Equations 

‘In Equation (24), @ is the difference between two tem- 
peratures, T and 7”. It is identical with the difference be- 
tween # and 4 (Fig. 3). Substituting (4:—) for 6 and 
(7) +9;) for T in Equation (24): 





d(6,—9,) | (0,—6,) — d(T)+9,) 
dt L - dt 
dé, 0, 0, 
— -=— tac 
whence - r ; 


Comparing this equation with Equation (31), the simi- 
larity between the response of a measuring instrument and 
that of a process stage is evident. The response of what 
may be termed an ideal process stage will be similar to 
that of an idealised thermometer and the time-constant 
of the process stage is given by: 

L . <<< 
q 


Example 14 
Calculate the time constants of the liquid-level and 
thermal process stages of Example 12. 
Capacitance 
€ 50 ft®. water. ft 


Answer. (a) Time constant 








— q._1.6ft®. water. min. ft 
31.2 min. 
9) ° 1 
(6) L = Cc 2 Ib. steam. ( 2 
0.5 lb. steam. min—(°F)™ 
= 4 min. 


Attention must always be paid to dimensional balance in 
determination of time-constants. Where there is no likeli- 
hood of error, the per unit deviation (which cancels out) 
need not be quoted as in Example 15 following. 

Equation (32) can be integrated after substituting for %, 
if # can be formulated in terms of ¢. Integrating, choosing 
zero time when 4, = 0, the following equations are ob- 
tained : 

Case 1. Step disturbance. 6; = constant. 


6 = 6(1—e*/L) — 


Case 2. A ramp disturbance. 6; = Nt (where N = con- 
stant). 


6. = Nt—NL(1—e*/L£) cc 
Case 3. Sinusoidal disturbance. 6; = X, sin (wi). 
0, = = sin (wt — ¥) .. (36) 


where oc = (1+ w°L’)t 
and ¥v = tan-(wL) 
Equations 34, 35, and 36, correspond to Equations 5, 11, 
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and 23 (see part 1, pp. 314-315, and part 2, p. 423) for the 
response of a thermometer to similar imposed changes. 


Example 15 

Calculation of Process Stage Response to a Sudden Dis- 
turbance. (cf. Examples 3 and 4, article 1.) 

8500 lb.ph of water are being acidified to 5%, acidity 
with acetic acid of 90% concentration, in a 100-gallon 
tank (1000 1b. contents, say). The acidity indicator has a 
time constant of 30 seconds. Calculate the indicated res- 
ponse if, due to a sudden supply pressure change, the 
water rate alters to 8000 lb.ph, thereafter remaining con- 
stant. All other conditions remain constant, including the 
amount of mixture in the mixer tank. 

Answer. The capacitance of the process is the quantity 
of control agent (strong acid) stoichemetrically equivalent to 
unit deviation (1°, acidity) of the material in the process 
stage (1000 Ib. weak acid). 

C = 1000 1/90 = 11.1 Ib. 90% acid. 

The rate factor is the equivalence in strong acid of a 
1% acidity (unit deviation) in the 8950 Ibph weak acid 
normally leaving the process stage. 

a = 8950 1/90 =< 100 Ibph strong acid. 
L=C/q = 0.111 hr = 6.67 min. 
= 400 secs. 

(Normally this problem would have been worked in 
minute units, but fortuitously the time in seconds is a 
round number which facilitates computation.) 

Since the time constant of the instrument is reasonably 
small compared with that of the process, it will be accur- 
ate enough to plot the response curve of the process and 
derive the instrument readings from that, rather than use 
the integrated form of Equation (29). 

It is useful to derive 6; by two different methods as a 
check. 

(i) The reduced throughput of water will give a propor- 
tionately increased acidity—the proportion being on a 
weak acid basis, not water input. 

6, = 5X 9000/8500 = 5.29% 
6, = 5.29—5 = 0.29% acidity. 

(ii) The input disturbance = — 500 Ibph of water. 

This is equivalent to an input of strong acid, sufficient 
to acidify this water to 5%. ; 

Strong acid (control agent) equivalent = 500 x 5/85. 
= 29.4 Ibph. 
_ Control Agent Equivalence 
q 
29.4/100 = 0.294% acidity. 


6 








Equation (34) for response to a step change. 
6. = 0, (1—et/L) = 0.29 (1—e '/™) 


Time 
(seconds) t/L et/L (l-—et/L) As 
0 0 1.0 0.0 0 
4 0.01 0.99 0.01 0.0029 
20 0.05 0.95 0.05 00145 
40 0.1 0.90 0.10 0.029 
80 0.2 0.82 0.18 0.052 
160 0.4 0.67 0.33 0.096 
200 0.5 0.61 0.39 0.113 
400 1.0 0 37 0.63 0.182 
800 2.0 0.14 0.86 0.250 
1200 3.0 0.05 0.95 0.275 
1600 4.0 0.02 0.98 0.284 
2000 5.0 0.007 0.993 0.288 
x =a 0.000 1.000 0.290 


The acidity response curve is plotted in Fig. 4. A corres- 
ponding curve is drawn with a time lag of 30 seconds, and 
this gives the instrument reading aproximately, with time. 
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Spent Liquor Treatment and Recovery 


HILE most plants have problems concerning 

effluent control, few are so tantalising as those 
arising from pickling operations in the ferrous and, to 
a lesser extent, the non-ferrous industries. This is because 
the problem is often a dual one, involving treatment and 
also possible recovery. To recover or not to recover—this 
has been the argument in many mills for over a decade, 
since the resultant savings may be marginal or even nil, 
depending on market conditions and unknown factors in 
a proposed recovery unit. 

Pickling operations in the United States are similar 
in nature to those found in Britain and Europe, but spent 
liquor treatment and recovery concepts are often quite 
different; hence a process widely heralded in one country 
may have no economic justification in another. For in- 
stance, in some American plants pickle liquor may be 


used in cocurrent or countercurrent fashion down to a 
final concentration of 2 to 3% of free acid and thrown 
away without any further treatment, whereas in other 


plants the spent liquor may contain as much as 15% of 
free acid and so merit recovery. In Europe, where higher 
free acid contents are also encountered, and where sul- 
phuric acid is relatively more costly, a stronger case can 
generally be made out for recovering the spent acid and 
the accompanying ferrous sulphate. In any case, some 
form of treatment is likely to be mandatory because of 
stream pollution laws. 

Earlier treatment methods included reacting the spent 
liquor with lime or waste alkali if obtainable, and settling 
the resulting sludge in lagoons. However, the gelatinous 
nature of these precipitates and the large volumes of spent 
liquor to be treated—of the order of 50,000 to 100,000 
gallons a day from some plants—restricted such methods 
to mills having very large disposal areas. Many attempts 
to improve this method were made, including mechanical 
and chemical flocculation, as well as batch and con- 
tinuous filtration. 

A refinement of this precipitation method applicable 
to low-acid waste liquors was patented a few years ago 
in America and was based upon partial oxidation of the 
ferrous sulphate by air injection to a critical figure, fol- 
lowed by controlled precipitation with a magnesia-free 
lime. Under such precise conditions, a rapidly filtering 
precipitate was found to be obtained, which could be 
easily separated by rotary filters and was suitable either 
as a fill or as a potential blast furnace feed, since it could 
be sintered to iron oxide and lime. A number of such 
pickle waste treatment units have been installed in 
America during recent years. 

The prospect of simultaneous treatment and partial 
recovery of the spent acid has always been more attractive 
in Europe and received an added impetus during the 
sulphur shortage of some years ago. Perhaps the most 
straightforward method is the concentration of the spent 
acid by evaporation to about 50%, followed by separa- 
tion of the precipitated ferrous sulphate by means of con- 
tinuous filters or centrifuges. The acid can be concen- 
trated further if required and the ferrous sulphate either 
sold as such, or roasted with coke to give sulphur dioxide, 
for subsequent reconversion to sulphuric acid. One objec- 
tion to this method has been the fuel cost, but the use of 
submerged combustion evaporation has considerably re- 
duced the large heat requirements involved. Standard 
recovery units of this type are now available in Britain 
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and Europe, but are not yet so widespread in America. 

The interest of American steel mills seems to lie in the 
possible use of high-acid pickle liquors, which are said 
to give considerable operating economies; at the same 
time, high-acid spent liquors are also produced, which 
may contain 15 to 20% free sulphuric acid. It would be 
uneconomical to discard such amounts of acid, besides 
creating serious disposal problems, so that a straightfor- 
ward method of treatment and recovery of high-acid 
wastes in large volumes would be attractive to many mills. 
Accordingly, three methods offering such advantages are 
now under close consideration. There are the Ruthner 
process, the Monohydrate process and the Rust process. 

The Ruthner process has been demonstrated in Europe 
on a small scale and is now under development on a 
works-scale in an American steel mill. In this method, the 
spent acid is concentrated to 50% or so, then cooled 
and reacted with hydrochloric acid gas to convert the 
ferrous sulphate into ferrous chloride. The precipitated 
ferrous chloride is removed by centrifuging and is roasted 
to yield hydrochloric acid gas (used again in the chlorina- 
tion reactors) and iron oxide which can be used as a 
blast furnace feed, or for other purposes such as pigments. 
Hydrochloric acid gas is stripped from the recovered 
sulphuric acid in packed towers by countercurrent hot 
gases from the roasting furnace and absorbed in a 20%, 
hydrochloric acid solution. HCI gas is recovered from this 
sciution by steam stripping for use in the chlorination 
reactors, and make-up requirements are said to be small. 
While the cost of the recovered sulphuric acid may be 
50% greater than the market price, the real economies of 
this process are said to arise from the advantages of 
high-acid pickling, which is made possible by a practical 
method of high-acid waste treatment and recovery. 

The Monohydrate process is also of European origin 
and has been in successful operation in Germany for 
several years. In this process, spent liquor containing 12 
to 15% of sulphuric acid is concentrated to about 25°, 
in a spray evaporator and passes to a crystalliser. Concen- 
trated sulphuric acid is added and ferrous sulphate crystal- 
lises out on the seed previously formed in the spray 
evaporator. The ferrous sulphate crystals are separated 
and washed either in a centrifuge or in a continuous 
horizontal filter. The strong acid containing about 25 to 
37%, H2SO, and 7 to 8% ferrous sulphate is sent to the 
make-up tanks of the pickling plant. The ferrous sulphate 
crystals can be sold as such, or roasted to produce sulphur 
dioxide for sulphuric acid manufacture. 

The Rust process is another interesting method under 
active development in America and is applicable to large 
integrated iron and steel plants where coke-oven gas is 
available; reaction with spent pickle liquor yields am- 
monium sulphate, iron oxide and free sulphur, all saleable 
commodities. At the same time, a serious effluent prob- 
lem is reduced. There is no doubt that during the next 
decade the increasing number of anti-pollution laws will 
compel many American plants, from small wire and hard- 
ware producers to large steel mills, to treat their spent 
pickle wastes. Accordingly, it is quite likely that a whole 
range of “package units” will be developed by American 
chemical plant manufacturers, designed to offer both 
economical treatment and partial recovery of the acid and 
ferrous salts now being discarded in large quantities 
throughout the nation. 
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We do not do things by halves at Langley. 
(Two halves of an impeller are more 
expensive than the whole). 

This small, fully enclosed impeller, 
was manufactured in two halves due 

to the narrow and intricate internal 
channels and the need for these to be 
perfectly clean and unobstructed. 

The halves were part machined and 
bolted together before final machining. 
This involved twenty-nine operations. 














NOT BY HALVES 











The same impeller is now shell 
moulded in one piece, eliminating 
seventeen machining and bolting 





operations. This is an advance 

in efficiency of production which is 
typical of the results being obtained 
in the Langley Alloys Shell 
Moulding Foundry. 

Alloys cast include Stainless Steels, 
Aluminium Bronzes and Nickel 

and Copper base alloys. 

May we have your enquiries. 





*— 





BY LANGLEY 














LANGLEY ALLOYS LIMITED 


LANGLEY + SLOUGH «+ BUCKS 
Telephone : 432 (10 lines) Telegrams : Langalloy Telex Slough. 
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VAPOUR PRESSURES OF MIXTURES OF ANILINE AND NITROBENZENE 
by D. S. DAVIS 
He2d, Department of Pulp and Paper Technology, University of Alabama 
Recent data* that deal with the vapour pressures of mixtures 
50 —_ 1°s of aniline and nitrobenzene can be correlated by means of the O 
— expression 
4 _— B 
lo A. — 
- SP t + 200 
- & where p = vapour pressure of mixture, millimetres of mercury; 
t= temperature of mixture, degrees centigrade; and 
= -~ A and B depend upon the mole percentage of aniline. 
—2 The accompanying line coordinate chart enables this equa- 
* tion to be solved readily and accurately. The use of the chart, 
S which was constructed through recourse to methods’ described 
— previously, is illustrated as follows: At 55°C, what is the 
i" a vapour pressure of a mixture of aniline and nitrobenzene that / 
= contains 50 mole %, of aniline? Connect 55 on the f-scale e) 
i, «a and 50 on the mole percentage scale with a straight line and 
4 read the vapour pressure of the mixture as 3.3 millimetres 
i a of mercury on the p-scale. 
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SALAMA = 





to meet your needs 





designed : ) \ 


Reaction Vessels 








Stainless Steel Vessels will 
meticulously follow your 
specification. We have technical 
representatives who are available 
to discuss your design and 
fabrication problems, 

without obligation. 


May we send you illustrations 
of plant which we have made 
and supplied—mostly ‘to order’— 
to widely differing industries ? 





A fine piece of craftsmanship 

in Stainless Steel—a typical 

Reaction Vessel designed to withstand 
high pressures, with provision for 
agitation and all the usual 

Sight and Light Glass Fittings, 

Thermo Well, Manway, Feed, and other 
connections. 


This vessel has given many years of 
good service under corrosive conditions 
and without a doubt it will continue 

to do so in the future. 


STAINLESS STEEL VESSELS 


(LONDON) LIMITED 


MANORGATE ROAD, KINGSTON-ON-THAMES, SURREY. 
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TELEPHONE: Kingston 5625 (5 lines) 
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TELEGRAMS AND CABLES: Esesvessel, Kingston-on-Thames 




















Determination of Solids Content in a Slurry 


RECENTLY it became necessary to 
determine the solids content in a 
slurry which was being used for con- 
tinuous extraction of acid-soluble 
metal oxides at various stages of the 


extraction process. The method 
intially employed was to filter a 
known weight of = slurry, wash 


thoroughly with water, dry in an oven 
and weigh the resulting filter cake. 
These operations consumed a _ con- 
siderable amount of time and results 
never kept pace with plant progress. 
A little experimentation gave rise to 
the following rapid method, which 
has given adequate service since its 
adoption. 

A sample is drawn from the reac- 
tor; exactly 100 mls are filled into a 
graduated flask (previously tared) and 
this is weighed on a sensitive balance. 
It has been found essential to weigh 
correctly to not less than three places 
of decimals. ‘The remainder is filtered 
and the specific gravity of the filtrate 
measured by a hydrometer. It is 
necessary to take a sufficiently large 
sample to yield enough filtrate for 
adequate immersion of the hydro- 
meter (generally about 100 mls fil- 
trate). From these two measurements 
the percentage solids content of the 
slurry is obtained as follows: 

Let the density of the filtrate be ¢: 


let the solids content of the slurry 
be x: and let the specific gravity of 
the dry solid be a@ (this must be 
determined separately, but need only 
be done once for any given solid). 

When x”, solids present the volume 
occupied by solids is 


x 
— mls 
a 
and the volume occupied by liquid 
is 100 — = mis 


a 
which weighs (100 “a gms 
a 


.*. Total weight (w) of slurry is 


" (100 “a - x gms 
a 


"’ 100d = 
a 


x ( - “) w 100d 
a 


x gms 





Ww 100d a(w 100d) 
. ,_4 a~a 
a 


In practice a series of graphs me} 
be drawn covering any range or re 
lationship between weight of 100 mls 


Recovery of Silver from Aqueous Effluents 


THE RECOVERY of silver from 
aqueous effluent containing insoluble 
silver halides in very low concentra- 
tions is an _ essential part of an 
effluent treatment process at a factory 
manufacturing photographic chemi- 
cals. It is necessary to add activated 
sodium silicate to the solution and 
to inject air into it for flotation pur- 
poses. The air is fed into the effluent 
stream near the suction connection 
of a “Mono” pump which is able to 
handle considerable quantities of air 
and to compress them along with the 
effluent in readiness for flotation. In- 
jection is carried out successfully by 
means of a water jet pump using low- 
pressure steam as the pumping fluid. 
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slurry and solids content, each value 
of d being a constant for any given 
curve on the graph. It then suffices 
to measure only w (the weight of 
100 mls of slurry) and d when the 
percentage solids content can be read 
oif from the appropriate curve. 


G. P. C. CHAMBERS 


Orifice for Mixing 
Low and High 
Pressure Liquids 
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ORIFICE PLATE 


A SIMPLE METHOD for introduc- 
ing a liquid at a low pressure into 
another liquid at high pressure is to 
use an orifice plate in the pipeline 
carrying the liquid at the higher pres- 
sure. The orifice plate is mounted at 
any convenient position in the pipe- 
line and a connection made for the 
lower-pressure liquid at a position on 
the pipe opposite the vena contracta. 
In one installation of this kind the 
pressure of the higher-pressure fluid 
is 40 lb. a sq. in. and the pressure of 
the entrained fluid is 4 lb. a sq. in. 
The volumetric ratio of high-pressure 
to low-pressure fluid is 150: 1. 
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Transferring Silver Nitrate 
by Centrifugal Pump 


IN THE MANUFACTURE of silver 
nitrate a great deal of trouble was 
experienced initially in the transfer- 
ence of solution by centrifugal pump. 
Shaft seals had been tried but were 
unsatisfactory through the deposition 
of crystals of silver nitrate on the 
working faces. Ordinary glands, 
which work by permitting a_ slight 
amount of leakage, were unsuitable 
since they would have meant the loss 
of silver nitrate. The problem was 
solved by installing a distilled water 
tank at a height greater than the back 
pressure on the pump gland. The dis- 
tilled water was piped to the lanterns 
of the pump glands. Should the gland 
become slack, then instead of silver 
nitrate leaking from the system, as 
was the case previously, distilled 
water only finds its way out of the 
pump with a small quantity leaking 
into the solution. 
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Promoters in Drying Machines 


ALTHOUGH the promoting of drop- 
wise condensation is as yet little prac- 
tised in many branches of the process 
and chemical industries, a number of 
cases are known of the use of film- 
forming chemicals as promoters in the 
paper industry. The most successful 
applications have been to the steam 
heated drying rolls of Fourdrinier 
machines. 

In one particular machine used in 
the manufacture of refining and insu- 
lating felt, a dispersion of octadecyla- 
mine was fed to the interior of the 
drying rolls together with the steam 
which it caused to condense in a drop- 
wise manner. The amine treatment 
resulted in a halving of the temperature 
difference between steam and the out- 
side surface of the rolls amounting to 
a 10-15°F rise in temperature at the 
roll outer surface. The consequence of 
this improvement was a 6% increase 


in machine speed and a corresponding 
increase in Fourdrinier capacity. 
Another successful example of drop- 
wise promotion may be seen in a series 
of machines producing Kraft where 
originally steam supplied to these 
machines was limited to 50 psi. A 
safety and isolating valve set at 48 psi 
was fitted in the steam supply line to 
the machine to satisfy the requirements 
of the insurance inspector and more 
often than not this valve was con- 
tinually releasing steam. After injec- 
tion of promoter such as octadecyla- 
mine the steam pressure was reduced 
to 35 psi and the same drying rate was 
maintained. The result in this case was 
a valuable reduction in steam con- 
sumption. Unfortunately no other ad- 
vantage was possible because mechani- 
cal limitations did not allow an in- 
crease in machine speed beyond its 
normal range of 250-350 ft a min. 


Fluctuating Loads in Refrigeration Systems 


IN A VAPOUR COMPRESSION re- 
frigeration system using a constant 
speed electric motor as the compressor 
prime mover a drop in refrigeration 
load will not only lead to a lower volu- 
metric efficiency at the compressor but 
also to an increase in temperature of 
the gas discharged. This can cause car- 
bon to form at the compressor valve 
gear with the result that the compres- 
sor performance will eventually de- 
teriorate. There are a number of ways 
of dealing with this problem. A con- 
venient one is to allow the compressor 
to run at full speed and to apply a 
means of reducing excess refrigeration 
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when the load is reduced. This can be 
achieved by fitting in the circuit a con- 
trol evaporator in which hot gases 
from the compressor are used to 
evaporate liquid refrigerant not re- 
quired in the main circuit. An expan- 
sion valve is fitted at the inlet to the 
control evaporator in order to maintain 
a constant suction pressure at the com- 
pressor. Although this system wastes 
some power at low loads it is safe for 
any reduction in load because the en- 
thalpy of the high pressure discharge 
gas is greater than that of the liquid. 
An alternative is to cool the supply of 
water to the condenser with excess 


refrigerant. (Prepared from “Re- 
frigeration Plant” by R. Parkins, 
Journ. Imp. Chem. Coll. Eng. Soc., 
1955, 9, 60.) 


Visible Water Level 


WITH the steam jet ejector sets for 
producing vacuum which employ 
direct contact inter-stage condensers it 
is often useful to have an indication of 
the water level in the top portion of 
the barometric leg. A simple way of 
making the level visible is to fit a short 
length of glass pipework between the 
water exit connection of the condenser 
and the remainder of the steel pipe- 
work forming the barometric leg. If 
the ejector is working satisfactorily 
there should be very little disturbance 
of the level in the leg and any in- 
stability will be reflected in a fluctua- 
tion of the water level. The glass con- 
nection permits direct view of the 
water level and this is a better indica- 
tion of the situation in the ejector than 
the standard type of vacuum gauge. 


Coloured Cooling 
Fluids 


IN glass heat-exchangers where a 
variety of fluids are used for cooling, 
for example brine may be used in one 
case and water in another, it is useful 
to have some means of distinguishing 
one cooling fluid from the other. One 
simple way of doing this is to take 
advantage of the transparency of glass 
and to give the fluids different colours. 
The operator can then tell at a glance 
whether he has opened the correct 
valve for the supply of cooling fluid. 
Dyes such as methylene blue are suit- 
able for this purpose. 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions _ preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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World of (Tnitriey 


Iraq Sugar and Petroleum Refining 

The sugar refining factory at Mosul is 
expected to come into production in 
1958 but little has been done so far to 
organise the cultivation of sugar beet in 
northern Iraq where the crop is practi- 
cally unknown to local farmers. Beet 
growing in Iraq is still in the experi- 
mental stage and the factory will require 
a crop of about 80,000 tons annually 
from local production. The plans to extract 
liquid sugar from dates at the proposed 
Kerbala sugar refining plant have run into 
technical difficulties and the consultants 
responsible for the designs of the plant 
have decided to postpone the date of 
submission of tenders, The Government 
have decided to convert the Qayyara 
bitumen refinery into an ordinary refin- 
ing plant producing 250,000 tons annu- 
ally of ordinary petroleum products. It 
has been suggested unofficially that the 
type of local crude oil which Qayyara 
has so far been using is unsuitable for 
refining and that the refinery would do 
better on piped crude which it is now 
planned to send from Kirkuk. It has 
also been decided to double the capacity 
of the Government oil refinery at Daura, 
near Baghdad. 


Hoechst Expansion 

Professor Winnaker, chairman of 
Farbwerke Hoechst A.G., addressing 
shareholders recently, said that, if the 
government of the Federal Republic car- 
ried out its proposed liberalisation 
measures stage-by-stage, they would form 
a good groundwork for the Common 
Market and the free-trade Zone, which 
would provide “internal-market” condi- 
tions for no less than 84°, of Hoechst 
products, In some sectors, however, the 
German chemical industry would con- 
tinue to need customs protection and he 
mentioned particularly phosphorus com- 
pounds and petro-chemicals. It is expec- 
ted that in 1957 Hoechst will invest ap- 
proximately 220 million D.M. (£19 mil- 
lion). At the end of 1957 the production 
of heavy water, for which a plant is 
being built, will begin. Atomic graphite 
is already being produced in combination 
with Siemens-Plania, and a _ radio- 
chemical laboratory is being erected in 
Griesheim, 


Korea Antibiotics Production 

The manufacture of antibiotics in 
Korea is planned to commence this 
autumn. The drugs to be produced in- 
clude penicillin, aureomycin and strep- 
tomycin and their manufacture is expec- 
ted to result in a saving of U.S. $4 mil- 
lions. The necessary equipment which has 
been purchased with U.S. $750,000 
of LC.A. aid is being installed in the 
factories of the Tong-a, Tonggang, 
Yuhan, and Keunwha _ pharmaceutical 
companies. Hitherto Korea has imported 
about U.S. $5 millions worth of anti- 
biotics annually. A plant for the produc- 
tion of starch and other by-products was 
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recently completed on the outskirts of 
Seoul. It is owned by the Tongyang 
Food Industrial, and is expected to pro- 
duce 7,200 metric tons of edible starch, 
4,500 tons of glucose, 240 tons of dex- 
trose, 990 tons of gluten and fodder, 
and 216 tons of corn oil during the 
by nearly 2%. 
South African Chemical Imports 
Imports of drugs, chemicals and ferti- 
lisers into South Africa and South West 
Africa during 1956 were about £500,000 
less than in 1955. There was a decline of 
about £1.3 million in the value of ferti- 
lisers imported (because of partly the 
heavy purchases of 1955 and partly the 
development of the local industry), and 
imports of ammonium nitrate fell by 
more than 73%, to £23,075. Some of 
these losses were balanced by increased 
imports of glycerine, pesticides, sodium 
carbonate and potassium chloride. In 
spite of the decline in the value of total 
imports in this class, the United King- 
dom increased her share of the market 
by nearly 2° 


Economics of Chile Nitrate 

According to an official report on the 
Chilean nitrate industry recently pub- 
lished, only three producers (the Anglo- 
Lautaro Co. and two small Chilean com- 
panies) are capable of operating at a 
profit in present circumstances. The re- 
port recommends that the surviving 
Shanks plants (the original primitive pro- 
cess) should be allowed to die their 
natural death. A warning is given against 
granting subsidies or special facilities to 
keep uneconomic production alive, and 
a process of modernisation and concen- 
tration on the more efficient mechanical 
plants is recommended. 


Germany’s Steel Industry 

After incorporating Niederrheinsche 
Hiitte; acquiring a majority holding in 
the Deutsche Edelstahlwerke; and secur- 
ing, recently, a 35°, interest in the 
Hiittenwerke Siegerland, the August- 
Thyssen group now has a crude steel 
capacity of 3.2 million tons. The pro- 
duction is expected to rise to 3.5 million 
tons by the end of the year, and the 
group there fore becomes again the lead- 
ing German producer of crude steel. 
Moves to acquire additional holdings in 
the coal industry are expected shortly. 


U.S. Plastics Research 

A new $50,000 plastics laboratory has 
been established by Stanford Research 
Institute to provide extra accommodation 
for the centre’s plastics research work. 
The new laboratory makes available 
machines to fabricate metal-adhesive- 
metal laminates, equipment for specimen 
irradiation, a variety of tensile and 
flexural strength testing devices, weather- 
ing and ageing equipment to simulate 
environmental conditions, and vacuum 
and injection moulding machines. 


Cement and Chemicals in India 

During India’s first five-year plan 
which ended in 1956 cement production 
rose from 2.7 million tons to 4.6 million in 
1955-56, and heavy chemicals and chemical 
products recorded “sizeable increases” in 
output, according to the fifth and last 
progress report just issued by the Plan- 
ning Commission. Penicillin was manu- 
factured for the first time in the country 
and the manufacturer of products such 
as ammonium chloride and DDT was 
established. 


Petroleum Chemicals 

British Petroleum are establishing a 
new department with responsibility in 
the petroleum chemicals field. It will be 
headed by Mr. D. G. Smith as general 
manager and Dr. D. A. Howes as assist- 
ant general manager. In America, the 
entry into petrochemicals of Chas. Pfizer 
took place recently with the purchase by 
the company of Morton-Withers of 
Greensboro, North Carolina. 


Thailand Mineral Resources 


As the result of the conclusion of an 
agreement between Fried, Krupp and the 
Thailand Ministry of Industry a Krupp 
survey team is to be sent to Thailand by 
the end of 1957 to survey the country’s 
mineral fuel resources. The team will 
then submit a report on the feasibility of 
setting up an iron and steel industry in 
the country. 


Mexican Contracts 

Pemex have signed a contract for the 
construction of a Phillips process poly- 
ethylene plant at Azcapotzalco, Mexico, 
and contracts have also been signed for 
the construction in the country of a 
carbon disulphide and a dodecyl benzene 
plant and for three catalytic crackers. All 
of the orders have gone to U.S. contrac- 
tors. 


Ontario Refinery 

Cities Service Oil has begun the con- 
sire tion of a $27 million oil refinery 
at Bronte, Ontario, the company’s first 
in Canada. Completion is scheduled for 
January, 1959, and capacity will be 
20,000 barrels of crude oil a day. The 
crude will be delivered through a three- 
mile spur from Inter-Provincial Pipe Line 
from Sarnia to Toronto. 


Venezuelan Conservation Plant 

Creole Petroleum has opened a gas 
conservation plant at Tia Juana, Lake 
Maracaibo, which is claimed to be the 
largest of its kind in the world. By 1960 
the company will have invested Bs.600 
million in gas conservation. 


Australian Source of Alkaloid 

Workers at Melbourne University and 
the CSIRO believe that the bark of the 
Alstonia tree may be an_ indigenous 
source of reserpine, an alkaloid of new 
use which has to be imported. The pro- 
fessor of pharmacology at the University, 
Professor Shaw, expects the Australian 
product to be ready in quantity in about 
two years. 
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Book Reviews 





Mathematics and Statistics for use in 
Pharmacy, Biology and Chemistry 

by L. Saunders and R. Fleming 
Pharmaceutical Press, London, 1957, 255 pp., 
27s. 6d. 

HIS book contains about 120 pages 

on mathematics, 90 pages on statistics 
and 40 pages of appendices consisting of 
formule, tables and harder proofs. The 
authors have in mind pharmacists and 
others qualified in their special subject, 
but who “may not have had the time to 
acquire a knowledge of mathematics to 
an equivalent level”. For such readers 
the book should prove useful. 

The course in mathematics is concise 
but adequate, starting with arithmetic 
and logarithms and proceeding through 
some algebra, graphs and trigonometry 
to calculus and as far as some simple 
differential equations. 

The section on statistics starts with the 
binomial, Poisson and normal distribu- 
tions and deals with the theory of 
errors, linear regression and correlation, 
tests of significance by means of f, F and 
x, and simple examples of probits 
and analysis of variance, These are illus- 
trated by numerical examples, mainly 
from biological assay and pharmacy, but 
it should not be difficult for the thought- 
ful reader to apply the methods to com- 
parable problems in other fields. Extracts 
from Statistical Tables (Fisher and Yates) 
are provided, as well as answers to the 
exercises set for the reader. 

Two minor criticisms which may be 
made are that an ordinate of the normal 
probability curve is called a probability 
instead of a probability density; and that 
the solution in series of the differential 

dc dc 


> 


equation => y — is unnecessarily 
q dy* dy 


4 gives the 


long, since the substitution z ; 
( ? 


result easily and quickly. 


Modern Chemistry for the Engineer and 
Scientist 
by G. R. Robertson 
McGraw-Hill, New York and London, 1957, 
442 pp., 71s. 6d. 

HIS volume contains the texts, slightly 

abridged, of a series of lectures given 
at the University of California during 
the academic year 1954-1955. They were 
intended for American graduates of 
about ten years standing in order to 
bring them up to date in certain fields of 
chemistry. It is not clear where the en- 
gineer comes into the picture as, unless 
an engineer had a real interest in and a 
fairly specialised knowledge of applied 
chemistry, he would probably find these 
lectures of little use and rather heavy 
reading. Taking the series as a whole, the 
titles are well chosen as representing the 
subject, as they range from Chemical 
Thermodynamics to the Configuration of 
Polypeptide Chains in Proteins. 

They all make quite interesting read- 
ing, but it is almost impossible to place 
them in any sort of merit order. The 
fact that the authors are specialists in 
the field they have been asked to cover, 
makes it inevitable that there will be 
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some inconsistency in the presentation of 
the subject, and in the depth at which it 
is treated. There is a bibliography at the 
end of each lecture. 

Considering its contents the book is 
not dear at the price, although one has 
some doubt as to whether it will appeal 
to a large number of the people for 
whom it was produced, The publishers, 
nonetheless, are to be congratulated for 
publishing these lectures in book form, 
and in so doing have done science a 
service. A.W. 


Petroleum Production Engineering: Oil 
Field Development 

by L. C. Uren 

McGraw-Hill, New York and London, 1956, 
792 pp., 94s., $12.00 


HIS is one of three books dealing 

with the subject generally, the others 
being Oil Field Exploitation and Oil 
Field Economics, In the author's preface 
it is stated that the book is intended to 
supplement the material given in his lec- 
tures to students, and to provide illustra- 
tions. It is, therefore, a student's text 
book and must be regarded as such. 
There are a number of cases where the 
reader is recommended to consult the 
companion volume on Economics in the 
series. One must join issue with the 
author on one of these, in which one is 
asked to look in a book on economics 
for a fuller treatment on the life of 
winding ropes. 

The book is essentially descriptive, and 
there is very little criticism in the text. 
This is probably due to the fact that 
much of the equipment shown is of 
types which have been standardised by 
some body or other, and therefore, must, 
as a general rule, be used. 

It covers the whole field from the 
original survey of the site to the final 
completion of the well, and shows the 
various types of equipment used. The 
usual difficulties which are likely to be 
met are described and, in a number of 
cases, the remedy is also given. Apart 
from its usefulness as a student's text- 
book, the book does provide the non- 
specialist with a good description of 
the techniques and equipment involved in 
oil well development, although its price 
may put it “out of court” for a num- 
ber of British readers. 


Project Engineering of Process Plants 
by H. F. Rase & M. H. Barrow 
John Wiley, New York, Chapman & Hall, 
London, 1957, 692 pp., 114s. 

HAT is the role of the project en- 

gineer? This was the first question 
to come to mind on reading through the 
present book. With it was linked a second 
question. What does this volume do 
which is not done by any existing text 
or, perhaps, a pair of them? A major 
project must certainly be primarily the 
responsibility of one man. As the authors 
point out, he co-ordinates and directs the 
entire design project. The duties are 
therefore mainly concerned with organis- 
ing work on the basis of a background of 









technical knowledge and ot avoiding get- 
ting enmeshed in too much detail. Per- 
spective he certainly needs and, among 
the many human qualities essential for 
controlling the men and material, a 
strong critical faculty for appraising the 
advice, designs and figures that flow into 
him. The first two parts of this book 
discuss the major steps in plant design, 
which, together with business and legal 
procedures, probably present a_ useful, 
up-to-date assembly of material receiv- 
ing scant or no attention in works on 
design. It is more difficult to assess the 
value of the remaining three quarters of 
the book which reviews details of engin- 
eering design as well as equipment selec- 
tion. This part certainly overlaps with 
existing reference works, but engineers 
may find it convenient to have it within 
the same set of covers. Emphasis through- 
out is very practical, but of course in an 
American setting which often limits the 
value of the illustrative figures. Symbols 
and references to Standards suffer from 
the same drawback. 1.B. 


The Chemistry of Petrochemicals 


by M. J. Astle 
Reinhold Publishing Corporation, New York, 
Chapman & Hall, Lcndon, 1957, 273 pp., 52s. 


HIS is quite a small book which 

achieves in a large measure the stated 
intentions of its author. He has en- 
deavoured to outline the basic chemistry 
on which the petrochemical industry has 
been built up, regarding it as a branch 
of the chemical industry rather than a 
subsidiary of the fuel industry. This 
method of approach has, in effect, meant 
that the book consists essentially of a 
good résumé of the field, arranged to suit 
the author’s intentions. This would 
account for the presence of a fairly 
lengthy chapter on acetylene. 

The plan of the book is simple. 
discussing the extraction of the 
classes of paraffin hydrocarbons from 
petroleum, solid liquid or gaseous, these 
compounds are considered class by class 
and the general reactions on which the 
manufacture of other chemicals is based, 
is described, The author does not con- 
fine himself to commercially used sub- 
stances, but considers those which at 
present may have only an academic in- 
terest. 

Within this broad general plan, the 
operating conditions, which are necessary 
to enable the reaction concerned to pro- 
ceed, are briefly quoted. Yields are often 
given, though it is not always made clear 
whether these have been obtained in the 
laboratory or on the plant. The type 
of catalyst is usually given, but no de- 
tails of its preparation; in some cases 
equilibrium compositions of the result- 
ing mixtures are set out. There is a 
copious list of references at the end of 
each chapter. 

There is little or no chemical engineer- 
ing as such in the book, and the reader 
will look in vain for plant details or 
flow sheets. For anyone of, say, graduate 
standard or slightly higher who is pro- 
posing to enter the petrochemical field, 
this book provides a very useful intro- 
duction to the basic chemistry of the 
subject. A.W. 
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High Pressure Pump 
The latest model of Madan’s Airhydro- 
pump, has been built to handle liquids 
at up to 55,000 Ib. psi pressure. For use 
at these very high pressures, the manu- 


facturers have designed and tested a 
range of hydraulic control-valves, pres- 
sure-release valves and _ non-return 
valves, a series of pipeline couplings, tee 
pieces and other fittings. The pump itself 
is compressed-air operated, and has a 
theoretical ratio of air to hydraulic 
pressure of 1-694. It is intended for 
generating pressures between 25,000 and 
55,000 Ib. psi, when powered by a nor- 
mal shop air-line up to 100 psi. Hydro- 
static testing and manufacturing pro- 
cesses are among its applications. The 
area of floor it occupies is 12} in. x 
44 in. and the pump’s height is 18 in. 
The new machine is available as a fixed 
or a mobile unit. Charles S. Madan & 


Co. Ltd.. Vortex Works, Broadheath, 
Altrincham. 
BCE 1969 for further information 
Fluon Pump 


It was stated on the May 1957 issue 
of British Chemical Engineering (page 
278) that Kingsbourne Products proposed 
to market a positive displacement pump 
in which all the parts coming into con- 
tact with the liquid to be pumped were 
to be manufactured of Fluon. The com- 
pany now inform us that the pump is 
being marketed in the Neumo range. 
The new pump’s stainless steel pushrod 
is covered with moulded Fluon and the 
whole of the plunger push-rod assembly 
presents an unbroken face to the liquid. 
This face is of Fluon, moulded and not 
deposited separately. The valve springs 
are manufactured entirely of Fluon, thus 
eliminating the possibility of porosity. 
All other components in contact with 
the liquid are also of Fluon, The basic 
principle of the new Neumo pump is 
similar to that of other pumps in the 
range, and the same type of two-part 
pneumatic motor is employed as_ the 
power source. The pump delivers a 
maximum 60 gallons an hour of low 
viscosity liquids at a delivery pressure 
of up to 40 psi. Kingsbourne have also 
announced that the appointment of 


agents for the Neumo range of pumps 
in the Commonwealth and Italy is being 
arranged by Tozer, Kemsley and Mill- 
bourn Ltd. and Branches. Kingsbourne 
Products Ltd., 216a South Coast Road, 
Peacehaven, Sussex. 

BCE 1970 for further information 
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Improved Centrifuge 

Head Wrightson Colliery Engineering 
have completed an improved design of 
centrifuge of special interest to the 
coking and gas making industry. The 
machine occupies a space about 6-ft 
cube, the gear assemblies are made of 
alloy steel with heavy-duty ball and 
roller bearings, and the parts are pro- 
tected against contamination by the 
materials being treated. Mesh plates may 
be easily renewed and the internal work- 


ing parts are readily accessible, the 
makers state. Lubrication is automati- 
cally controlled. The equipment is 


designed to decrease the free moisture 
contained in materials of camparatively 
small size by the use of centrifugal 
force and the moisture contained in 


washed small coal and slurry can be 
6-7%. 


reduced to The capacity of the 


~ 





standard model varies from 50 to 80 
tons an hour and the power taken is 
about 45 hp. Head Wrightson & Co Ltd., 
20, Buckingham Gate, London, S.W.1. 

BCE 1971 for further information 


Amine Anti-corrosion Agents 

A range of filming amines for the 
prevention of corrosion in steam and 
cooling-water systems is being made 
generally available by Houseman & 
Thompson, after two years’ development 
work in industry. The distributors state 
that the products employed in quanti- 
ties of the order of 1-5 ppm in the 
steam, provide a high degree of protec- 
tion to metals in contact with low pH 
condense-water by plating out as a thin 
impermeable film on the wetted surfaces. 
No impedance is offered to heat transfer 
by the deposition of the corrosion resist- 
ing barrier on the condensing surfaces, 
indeed the rate of heat transfer may be 
increased by 5-10° due to the removal 
of existing corrosion products and the 
promotion of dropwise condensation. In 
cooling systems the quaternary am- 
monium salts and acetate salts of certain 
fatty-acid derived amines prevent alge 
growth and inhibit corrosion. Armour’s 
Chemical Division supply the filming 
amines, which are manufactured in the 
United Kingdom, and, by arrangement, 
are distributed for water treatment in 
the United Kingdom and abroad by 
Houseman & Thompson. An advisory 
service is offered. Houseman & Thomp- 





son Ltd., D.M. House, Newcastle upon 
Tyne, 2. 
BCE 1972 for further information 


Furnace Atmosphere Generator 

The Baker Platinum division of En- 
gelhard have produced an _ improved 
model of their Nitroneal generator—an 
apparatus which produces furnace and 
blanketing atmospheres of nitrogen with 
a controllable hydrogen content, using 
ammonia as fuel. The new model, known 
as the GNL Nitroneal generator, is made 
in sizes to produce respectively 500 and 
1500 cu. {t an hour of gas. It is equipped 
with a built-in vaporiser—an improve- 
ment on earlier models—and it is fed with 
liquid ammonia direct from the cylinders. 
The refrigerant properties of the ammonia 
are used to cool the gas down to a dew- 
point of 40°F. The gas is produced by 
cracking the ammonia over a precious- 
metal catalyst, and the catalyst is also 
used to burn the bulk of the hydrogen 
with atmospheric oxygen to produce a 
gas containing from 0.5 to 25% hydrogen. 
The reaction is exothermic and no ex- 
ternal heat source is required, moreover, 
as nitrogen from the atmosphere is utilised 
the gas is produced, it is said, very 
economically. When the hydrogen con- 
centration required is less than 15% a 
second-stage catalyst chamber is used in 
the new model—a modification that pro- 
longs the catalyst’s life. The hydrogen 
content of the gas is controlled automati- 
cally within 0.25% of the desired concen- 
tration. Baker Platinum Division, Engel- 
hard Industries Ltd., 52 High Holborn. 

London, W.C.1. 
BCE 1973 for further information 


Debonding by Distillation 

Holmes of Huddersfield have de- 
veloped ihe Holmes-Andre rubber de- 
bonding process, which is based on the 
principle of destructive distillation in a 
closed vessel in the absence of air. The 
charge of rubber-bonded components 
weighing 10-15 cwt. is loaded into a con- 
tainer and thence into a vertical cylin- 
drical retort, the cover of which is sealed 
down. A gas-fired furnace provides the 
heat necessary to distil the rubber, and 
the process takes about seven hours. 
during which the temperature is not 
allowed to exceed 500°C. The gaseous 
and liquid products are separated by 
cooling the hot vapours leaving the retort 
and a solid carbonaceous residue is left 
in the container. At present the gaseous 
products are burned in the furnace 
stack, but it is intended in future to 
divert these into the furnace thus effect- 
ing an ecenomy in the consumption of 
towns gas. The liquid product is a thin 
tar, of unpleasant smell, but having 2 
high calorific value. This is being dis 
posed of by mixing it with the works 
boiler fuel oil, but research is proceed- 
ing towards utilising it for heating the 
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BCE 1922 for further information 


We save tong of 
vegetable oil every day... 





Sharples Low-Loss process 
now in use all over the world 


VEGETABLE OIL REFINERS in many different countries 
are saving tons of oil every day with the Sharples Low- 
Loss Vegetable Oil Refining Process. This really 
deserves its name. The savings are striking. Com- 
pared with Kettle refining 25°,-40°,. Compared 
with Caustic refining up to 15°. 


Capital investment on a Low-Loss refining Plant is 
usually paid out of savings in less than 2 years and 
often in less than one! 


How are these remarkable results achieved ? The 
basic idea is the application of the centrifuge in a 
continuous process. This idea has been backed by 
tremendous research, and development by Sharples 











including full scale development plants. 

Today over a hundred plants are in operation each 
engineered to the specific requirements of individual 
plant conditions. But all of them have these common 
advantages. The oil produced is of best possible 
colour and quality. This quality is easily maintained 
without highly skilled control. The power require- 
ments are much less. And operating costs are low. 

Sharples are always ready to advise on any pro- 
cessing problem whether it’s about a complete process 
or a single machine. Write to address below or ‘phone 
Camberley 2601 and talk to Francis Hooley about 
your problem. 


SHARPLES 


Complete plants developed by Sharples include : 








on this process. 


A typical Sharp.es Vegetable Refinery. Write 
CSaanruss for Bulletin No. 1273M for further information 


SHARPLES LOW LOSS VEGETABLE OIL REFINING PROCESS - SHARPLES STANDARD CAUSTIC VEGETABLE OIL REFINING PROCESS - SHARPLES CONTINUOUS 
SOAP PROCESS - SHARPLES WOOL GREASE RECOVERY PROCESS - SHARPLES LOW TEMPERATURE FAT RENDERING PROCESS - SHARPLES NAPHTHALENE 
PROCESS - SHARPLES VEGETABLE OIL FOOTS PROCESS - SHARPLES TAR DEHYDRATION PROCESS - SHARPLES INSTANT COFFEE PROCESS - SHARPLES TANK- 
HOUSE EFFLUENT PROCESS - SHARPLES MINERAL OIL REFINING AND RECOVERY PROCESS AND OTHERS. 
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Centr é D-2 Centrifuge D.#. Nozljector DV-2 Centrifuge Super-D-Hydrator Super-D-Canter 
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furnace setting. The metal parts remain- 
ing in the container are easily cleaned 
by a barrel tumbling process. W. C. 
Holmes & Co., Ltd., Turnbridge, Hud- 
dersfield. 

BCE 1974 for further information 


Grit Arrester 

The Mark II Cory grit arrester has 
been developed by William Cory & Sons 
Combustion Equipment, and the British 
Coal Utilisation Research Association, 
and is based on an original design of 
Cory. It has shown, it is claimed, a 
collectance efficiency of over 90° in the 
particle range classed as grit by the 
Beaver Report, i.e.. 76 microns and over. 
The grit particles collected in the 
Arrester, which is fitted to the top of a 
chimney, fall through two pipes to one 
or two hoppers from which they can be 
drawn periodically. The draught loss 
imposed by the Arrester is 0.1—0.2 in. 
w.g. Combustion Equipment Ltd., 61 

Belsize Lane, London, N.W.3. 
BCE 1975 for further information 


Forced Recirculating Ovens 
Gilberts have extended their Fyna 
range of industrial ovens to include 
forced-convection types. Heated air is 
blown horizontally into the ovens from 
controllable ducts in the sides, and the 
recirculated air is taken from the top 
of the oven—a system which, it is 
claimed, produces uniform heating. 
Thermostatic control is standard and the 
ovens are provided with safety reliefs. 
Other controls, for instance interlock 
between the heater unit and the oven 
door, and process timers can be fitted if 
required. Gas, electricity or oil may be 
the heat source. At present the ovens 
are being tailor-made to the customer's 
requirements. G. R. Gilbert Ltd., Hack- 

bridge Road, Hackbridge, Surrey. 
BCE 1976 for further information 


Sleeves for Insulated Cables 

A range of Helvin (P.V.C.) sleeves has 
been developed by Hellermann to pro- 
vide fire-proof cables with a waterproof 
and corrosion-resistant cover for the part 
left exposed between gland and cable 
sheathing when the sheathing has been 
stripped for terminating. The sleeves, in 
effect, continue the corrosion-resistant 
P.V.C. cevering right up to the face of 
the junction box. They are flexible, and 
are easily fitted with the aid of Hellerine 
lubricant. available in 10-0z. bottles. The 
flexibility also facilitates inspection of 
the cable joint, as the sleeves can be 
simply rolled back. Hellermann Ltd., 

Tinsley Lane, Crawley, Sussex. 
BCE 1977 for further information 


Floatless Level Control 
Meynells are now manufacturing a 
new floatless liquid level control designed 
for use in conjunction with electrically- 
driven pumps. It incorporates the Ted- 
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dington liquid level switch, and is es- 
pecially suitable for steam boiler use, 
where it can be employed for feed-water 
pump control and as a low-water alarm 
and cut-out. The switch comprises two 
probes, each consisting of an invar rod 
in a brass tube. The invar rods bear on 
either end of a pivoted switch lever. One 
rod is continuously heated electrically 
and the other probe works in opposi- 
tion to compensate for changes in the 
ambient temperature. When the probes 
are immersed in liquid the difference in 
temperature between the two probes is 
not sufficient to operate the switch. When 
the level falls, however, and the probes 
are no longer immersed in liquid, the 
heat is dissipated more slowly and 
the resulting temperature difference 
between the two probes causes the 
switch to close the pump circuit. 
Mark III WX/AD/1 is suitable for 
controlling the water level of steam 
boilers (maximum steam working pres- 
sure of 120 psi). and the control of non- 
corrosive fluids at or near atmospheric 
temperature (maximum working pressure 
of 320 psi). The switch operates in 
8-12 seconds of level change. Mark 
IIl/WX/AE/1 operates in 32-38 seconds 
of level change. Meynell & Sons Ltd., 
Montrose Street, Wolverhampton. 

BCE 1978 for further information 


Sink Units 

At a laboratory using hydrofluoric 
acid at the Gem Mill Works of Ferranti, 
Tanks and Linings recently installed two 
sink and canopy units like that illus- 
trated. The main structure is of timber, 
and all internal surfaces are lined with 
t-in. thick cream P.V.C. The removable 
front panels are of Perspex and the 


three sinks and the trough are equipped 
with P.V.C. spray pipes. The plumbing 
is in polythene. Tanks & Linings Ltd., 
Towa Wharf, Droitwich. 

BCE 1979 for further information 





Mesh Reinforced Plastic 
Thin polythene sheet reinforced inter- 
nally with an open mesh of fibreglass, 
Terylene or other synthetic or natural 


textile is being made by Telcon. The 
material, ““Telcomesh”, possesses, it is 
said, the impermeability and chemical 
resistance of polythene plus greatly in- 


creased mechanical strength, and it has 
a fair degree of translucency. The pro- 
cess of manufacture permits considerable 
latitude in the size of mesh and the 
thickness of the sheet. Telcomesh may 
be used for lining tanks for corrosive 
liquids, such as acids or concentrated 
hydrogen peroxide, for protective cloth- 
ing and for packaging. The Telegraph 
Construction and Maintenance Co., Ltd., 
Mercury House, Theobald’s Road, Lon- 
don, W.C.1. 
BCE 1980 for further information 
Electrically Driven Compressors 
The Consolidated Pneumatic’s Power 
Vane rotary compressors are now being 
supplied for electrical drive. They con- 
sist basically of two elliptically-shaped 
chambers mounted in line with an elec- 
tric motor. Two rotors, mounted on a 
common shaft, are positioned eccen- 
trically to the casing of the chambers 
and carry a number of sliding vanes, 
inseried radially in longitudinal slots in 
the rotor. Thus as the shaft rotates, the 
vanes form a number of sectors of in- 
creasing and then diminishing size as 
they follow the changing contour of the 
chamber. Air is admitted through an 
inlet port when the vanes are approach- 
ing maximum extension. Consolidated 
Pneumatic Tool Co., Ltd., 232 Dawes 
Road, London, S.W.6. 
BCE 1981 for further information 


New Coolant Valve 

A new coolant valve for use with 
large diesel engines when the cooling 
systems operate at comparatively high 
pressures has been produced by Tedding- 
ton Industrial Equipment. Sealed in a 
container in the operating element is a 
wax which changes its state at the 
operating temperature. The resulting ex- 
pansion actuates the valve unit by 
extruding a flexible plug into a reduced 
diameter in the piston housing thus 
magnifying the movement of the piston 
which overcomes a return spring and 
moves the valve upwards against a fixed 
seat. The inlet port is connected to the 
inside of the cylindrical valve and the 
coolant is passed either over the top of 
the cylinder to the by-pass, or under 
the cylinder to the heat exchanger. Ted- 
dington Industrial Equipment Ltd., Sun- 

bury-on-Thames, Middlesex. 
BCE 1982 for further information 


Flame Chromatograph 

The Shandon-N.B.Co. flame chromato- 
graph for gas chromatography, recently 
made available, is based on apparatus 
developed by the Technical Department 
of National Benzole (now Benzole Pro- 
ducers). It is designed for detecting peaks 
in a chromatogram by burning, in a 
micro-flame, the exit gases from a 
column and continuously monitoring the 
flame’s temperature. It is said to be the 
cnly commercially-available apparatus of 
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UDEX in England 


The British Petroleum Company Limited has awarded us the 





contract for the engineering design and procurement of its first 
UDEX plant. The unit recovers a highly aromatic fraction for 
use in aviation fuel by the extraction process licensed by the 
Universal Oil Products Company. 

This plant is one of several process units that we are presently 


engineering for BP Refinery (Kent) Limited. 





E. B. BADGER & SONS LIMITED 
20 RED LION STREET, LONDON, W.C.1 


Process Engineers and Constructors for the Petroleum, Chemical and Petro-Chemical Industries 


Affiliated with STONE & WEBSTER ENGINEERING CORPORATION, U.S.A 
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its kind. The carrier gas, a mixture of 
hydrogen and nitrogen, is passed via a 
capillary flowmeter into a_ thermally- 
insulated chromatographic column, and 
the sample to be analysed is introduced 
into the gas stream at the head of this 
column. At the exit, the column is 
coupled to a fine jet suitated below the 
thermocouple. The exit gas is ignited 
by a spark obtained from a high voltage 
ignition coil, and the flame _ burns 
steadily in the combustion chamber, its 
temperature varying only when a com- 
ponent is eluted from the column. The 
rise in the basic flame temperature when 
a component emerges results in an in- 
crease in the voltage produced by the 
thermocouple, and this voltage difference 
is fed into a recorder. To ensure steady 
conditions in the combustion chamber 
and to thermostat the “cold” junctions 
of the thermocouple, a regulated com- 
pressed air supply is fed into the cham- 
ber via the vapour bath. The sample is 
dispensed on to the column material 
through the sampling chamber, by a 
magnetically controlled pipette. Shandon 
Scientific Co. Ltd., 6 Cromwell Place, 
London, S.W.7. 

BCE 1983 for further information 


Lithium-based Greases 

Since the introduction in the home 
market of Shell Alvania greases con- 
taining lithium 12-hydroxy stearate soap 
further research and development work 
carried out at Shell's Thornton research 
centre has led to the inclusion in the 
greases of a new powerful corrosion 
inhibitor which confers, it is said, out- 
standing anti-corrosion properties even 
in the presence of large quantities of 
water. The oxidation stability of the 
greases, under both working and static 
storage conditions, has also been im- 
proved so that they can now be used at 
higher working temperatures than could 
the earlier greases in the range or for 
longer periods at the same working tem- 
peratures. The improvements have 
already been incorporated in the greases 


576 


marketed in the United Kingdom and 
they will be introduced in overseas 
markets during the next few months as 
soon as the necessary manufacturing 
arrangements can be made. The Shell 
Petroleum Co. Ltd., 1 Kingsway, Lon- 
don, W.C.2. 

BCE 1984 for further information 


Arc Cutting of Aluminium 

A new method for the cutting and 
profiling of aluminium has been intro- 
duced by British Oxygen. Known as the 
Argonare cutting process, it enables 
aluminium plates | in. in thickness to be 
cut at high speeds using either oxygen- 
free nitrogen or other gases. The arc 
cutting action is produced by a con- 
tricted arc of a high temperature and 


velocity being struck between a tungsten 
electrode and the surface of the metal 
and surrounded by a shielding gas. The 
concentrated and eolumnated energy of 
the arc stream melts and ejects a thin 
section of metal to form a kerf. The 
result is said to be a clean cut edge with 
little or no adhering dross. A power 
source giving an open circuit voltage of 
at least 110 volts enables arc voltages of 
66-80 to be obtained at various current 
settings. British Oxygen Gases Ltd., 
Spencer House, St. James’ Place, S.W.1. 

BCE 1985 for further information 


Translucent Sheeting 

U.A.M. Plastics announce that pro- 
duction of Unilux translucent structural 
sheeting has now started at their Wat- 
ford works. The sheeting is made by a 
thermosetting process from clear polyes- 
ter resins reinforced with glass fibre mat. 
The manufacturing plant is the only in- 
stallation of its kind in Great Britain. 
The sheeting provides diffused, shadow- 
less natural lighting and has a light 
transmission factor of 85°. The corru- 
gated sheets conform with standard pro- 
files of roofing sheets and they are of 
corresponding widths. The material is 












said to be unaffected by atmospheric or 
industrial fumes, or by temperature 
variations, to be shatterproof, and to 
have low thermal conductivity. U.A.M. 
Plastics Ltd, Tolpits, Watford. 

BCE 1986 for further information 


Tank-lining Technique 
A new technique for the lining in sity 
of process and storage tanks with plas- 
tics of various types has been announced 
by Corrosion, after two years of de- 
velopment work. The technique includes 
the dust-less shot-blasting of the surface: 
the application of the plastic lining: and 
heat-curing. It has been found possible 
to reline tanks with the minimum of 
interference with production, for 
example, storage and conditioning tanks 
in cold rooms can be relined with a 
stoved lining where the ambient tem- 
perature is freezing point at all times 
while carrying out the work. Corrosion 
Ltd., 16 Gloucester Place, London, W.1. 
BCE 1987 for further information 


Giant Steel Plates 

The Dohm Group is now supplying 
giant steel plates needed for super 
tankers, atomic power stations and high 
pressure boilers. The Group has already 
dealt with orders for plates up to 12 ft 
wide, and arrangements have just been 
completed whereby greater widths to any 
British Standards specification, will be 
available. Normally, Dohm _ supply 
plates of up to 40 mm. thickness, but 
they are now able to provide much 
thicker plates on request. Dohm Group, 

Victoria Street, London, S.W.1. 
BCE 1988 for further information 


Heating Cord 
Thermocord braided heater, recently 
introduced by Electrothermal Engineer- 
ing, is designed for heating equipment 
where heating tapes or armoured heaters 
cannot be used. The product consists of 
a pure nickel-chrome heating element 
insulated by inorganic fibres. Two feet 
of insulated unheated flexible lead are 
attached to each end of the heating sec- 
tion and the whole, including the un- 
heated leads, is covered with a tough 
external sheath of braided glass fibre. It 
is designed to operate with a loading of 
5 watts per inch (195 w/M), and element 
temperatures of up to 450°C are attain- 
able. The cable has an outside diameter 
of about +: in., and it is available in a 
variety of lengths. Electrothermal En- 
gineering Ltd., 270 Neville Road, Lon- 
don, E.7 
BCE 1989 for further information 


Resins Repair Kits 

Thistlebond repair kits now being 
marketed by Ferguson & Timpson have 
been developed for carrying out emer- 
gency repairs to machinery, equipment 
and piping used in the industrial and 
marine fields. Each kit contains a supply 
of Ceemar cold-setting epoxide resins 
and activators, glass cloth, mat and tape 
for reinforcement, scissors and brushes, 
etc. Simple repairs are carried out by 
cleaning and drying the metal surfaces, 
applying resin to the damaged area and 
bedding down glass cloth on to this 
resin layer. Further coats of resin and 
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Send us the 
How-Gheek 


aqnd well 
a the vest... 


Based upon a very wide technical and practical 
experience, we can provide complete installations 
for the chemical and process industries based upon 
client’s own developments or upon our own. 


Our Chemical Engineering Division is fully 
qualified to be able to design the plant, pilot or 
full scale from your flow diagram, procure all 
the equipment and install and commission it. 

On the other hand, our service is often 
employed to “study and report” on chemical process 
problems to enable clients to decide upon the 
economic possibility of a project. 


CHEMICAL ENGINEERING DIVISION 
somone Senos 2° ROXBY PLACE, FULHAM, LONDON  S.W.6. 


Telephone: FULham 776! 
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layers of glass cloth are then applied 
until a sufficiently strong repair has been 
completed. E. M. Cromwell & Co. Ltd., 
Galloway Road, Bishops Stortford, 
Herts, and Bakelite Ltd., 12 Grosvenor 
Gardens, London, S.W.1. 

BCE 1990 for further information 


Powder Fire Extinguisher 
The new Nu-Swift dry powder extin- 
guisher, Model 1604 is intended for fires 
involving inflammable liquids, liquefied 
gases and electrical equipment. The 
powder is said to be non-toxic, non- 
conductive of electricity, non-corrosive 
and non-abrasive. The extinguisher is 
frost-proof; its height is 16-in. and its 
weight 16} Ib. Nu-Swift, Ltd., Elland, 
Yorks. 
BCE 1991 for further information 


Plastic Scrubbing Tower 

A complete ducting and scrubbing in- 
stallation in plastic has been made by 
Extrudex for a metal refinery. The 
eliminators and scrubbing towers, for 
renovating entrained caustic soda, are 
fabricated almost entirely from Vybak 
VR215 industrial rigid sheet (supplied by 





Bakelite) and the transparent flexible cir- 
culation pipes on the towers are extruded 
from Vybak VN610 P.V.C. compound. 
Extrudex Ltd., Bracknell, Berks., and 
Bakelite Ltd. 12 Grosvenor Gardens, 
London, S.W.1. 

BCE 1992 for further information 


Other Items of Interest 

The frame of the new laboratory jaw- 
crushers instruced by Knapp and Bates 
is fabricated from a light aluminium 
alloy, and all crushing and wearing sur- 
faces in the machine are of chrome 
stellite. The eccentric movement is sited 
at the top of the moving jaw and is 
enclosed in a sealed oil bath. The siting 
allows of a constant discharge opening 
and, it is said, ensures a uniform pro- 
duct. The units are produced in two 
sizes which require up to, respectively a 
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1 hp-or 2 hp drive. Knapp and Bates, 
Ltd., 117 Africa House, Kingsway, Lon- 
don, W.C.2. 

BCE 1993 for further information 


Martindale have introduced a new 
range ot protective gloves which protect 
against flame and chemical burns and 
other hazards. They are made with a 
tough P.V.C. coating bonded on to an 
interlock fabric lining. The fabric sup- 
port makes the gloves very durable, it 
is claimed, but does not reduce their flexi- 
bility. Martindale Electric Co., Ltd., 
Westmorland Road, London, N.W.9. 

BCE 1994 for further information 


A new finger type backing bar jig, 
designed to facilitate the welding of 
longitudinal seams in material thicknesses 
ranging from 0.015 in to 0.1 in. has been 
introduced by Quasi-Are Ltd., Bilston, 
Staffs. 

BCE 1995 for further information 


English Electric have added to their 
range of instruments a portable current- 
density indicator, which is_ intended 
primarily for use in the electro-plating 
industry. It provides a direct reading in 
amperes per square foot and enables the 
current density in the electrolyte at any 
point in a series of electro-plating vats 
to be checked rapidly. The English Elec- 
tric Co. Ltd., Instruments Sales & 
Contracts Department, Stafford. 

BCE 1996 for further information 


Allweather Paints have elaborated 
after sustained research a primer for 
application to moist concrete, asbestos 
cement, plaster, brickwork and similar 
surfaces. The product is called Pitan 
M.C. Primer and is said to contain a 
chemical which reacts with moisture 
converting it into a harmless liquid 
which rapidly evaporates from the paint 
film. Allweather Paints Ltd., 36 Great 
Queen Street, London, W.C.2. 

BCE 1997 for further information 


New Publications 

LC.I. Engineering Codes and Regula- 
tions Group C (Electrical) is the latest 
edition to appear in a series devoted to 
electrical engineering. The book reviews 
the field of legislation and other regula- 
tions relating to the use of electricity 
with safety in chemical works. Copies 
from R.O.S.P.A., Terminal House, 52 
Grosvenor Gardens, London, S.W.1. 
BCE 1998 for further information 


A revised copy of their booklet on 
Fibreglass has recently been issued by 
Fibreglass Ltd., Ravenhead, St. Helens, 
Lancs. 

BCE 1999 for further information 

Sheet 18E details advance information 
on four methods of manufacturing 
epoxide resin tools. Copies from Bakelite 
Ltd., 12-18 Grosvenor Gardens, London, 
S.W.1. 

BCE 2000 for further information 


The range of isotope transporting con- 
tainers manufactured by Savage & Par- 


sons Ltd., Watford, Herts., is detailed jn 
leaflet 7/3. The same company’s range of 
lead shielding bricks is given in leaflet 
7/2. 
BCE 2001 for further information 
A pamphlet giving a brief survey of 
the Empilan range of detergent additives 
manufactured by Marchon Products Ltd., 
Whitehaven, Cumberland, England, js 
now available. 
BCE 2002 for further information 
A technical booklet (G.5) describing 
their range of PVC compounds has just 
been issued by British Geon Ltd., Devon- 
hire House, Piccadilly, London, W.1. The 
same company have also issued a booklet 
and a summary sheet (H.1 and S.S.3 res- 
pectively) describing the company’s 
Hycar synthetic rubbers. 
BCE 2003 for further information 
A booklet detailing the different ways 
in which spontaneous heating can occur 
has recently been issued by the Fire 
Protection Association, 15 Queen Street, 
London, E.C.4. 
BCE 2004 for further information 


Structural Details for Metal Arc Weld- 
ing in Mild Steel, is the title of a recent 
work prepared by C. R. Harman and 
published by the British Welding 
Research Association, 29 Park Crescent, 
London, W.1, at the price of 7s. 6d. a 
copy, post free. 

BCE 2005 for further information 

Three new pieces of literature have 
just been issued. These are as follows: 
(P.2026) Physical Laboratory Apparatus 
Price List; Laboratory Furniture Cata- 
logue (P.2029); and Price List of Soil 
Mechanics Testing Apparatus (P.2033). 


Copies from Griffin & George Ltd. 
Ealing Road, Alperton, Wembley, 
Middlesex. 


BCE 2006 for further information 
A number of new Standards have been 
issued of interest to the engineering field 
generally. These are as follows: B.S. 2859: 
1957, Dimensions of screwed sealing 
plugs (low pressure) with unified screw 
threads. Price, 3s.; B.S. 976:1957, Density- 
composition tables for aqueous solutions 
of hydrochloric acid. Price, 7s. 6d.; 
B.S. 903:1957, Part C.4, Determination of 
electric strength of insulating soft vul- 
canised rubber and ebonite. Price, 3s.; 
and Part D.4, Determination of cross- 
breaking strength of ebonite. Price 
2s. 6d.; B.S. 1386:1957, Copper tubes to 
be buried underground. Price 3s.: B.S. 
726: 1957—-*Measurement of air flow for 
compressors and exhausters™ (6s.):; B.S. 
1016——“Methods for the analysis and 
testing of coal and coke”: Part 2: 1957— 
“Total moisture of coke” (2s. 6d.): Part 
3: 1957—*Proximate analysis of coal” 
(5s.): and Part 4: 1957—‘Proximate 
analysis of coke” (3s. 6d.). All of the 
above Standards can be obtained from 
the British Standards Institution, 2 Park 
Street, London, W.C.2. 
BCE 2007 for further information 
The P.F.B. have recently issued their 
1957 catalogue of 35-mm and 16-mm 
documentary and _ instructional _ films. 
Copies from the Petroleum Film 
Bureau, 29 New Bond Street, London, 
W.1. 


BCE 2008 for further information 
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These H.W.P./Fluor ‘Ccunterflo’ 
Induced Draught Cooling Towers 
are installed at the Harwell. and 
Dounreay Atomic Stations. Nuclear 
energy utilised for power produc- 
tion or research facilities requires 
modern economical cooling equip- 
ment, and our policy of continuous 
research and development has 
resulted in the acceptance through- 
out the world of the ‘Counterflo’ 
mechanical draught tower with its 
high efficiency, low height and 
compact construction. Further 
‘Counterflo’ towers are being sup- 
plied for atomic reactors in 
Australia and Denmark. 
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Month’s News in Brief 


Agreements relating to pumps, pump- 


Head Wrightson Processes Ltd. an- 
nounce that an agreement has been 
signed with Inventa A.G. of Lucerne, 
Switzerland, enabling them to design and 
supply plants to the well-known Inventa 
processes for the production of methanol 
and formaldehyde, in the United King- 
dom and British Commonwealth (exclud- 
ing Canada). 

BX Plastics Ltd., announce the pur- 
chase of Extrudex Ltd., the well-known 
manufacturers of chemical plant and 
tubing in rigid vinyl material, who will 
continue to operate aS a separate or- 
ganisation. 

The 1958 Annual Assembly of the In- 
stitute of Welding will be held in Vienna, 
Austria, from June 29 to July 5. The 
theme of the Assembly will be “Welding 
in the Chemical Industry”. 

Mono Pumps Ltd. have opened an 
office at 77 Great Victoria Street, Belfast. 
Mr. J. S. Harper, is the office manager. 

A branch office of the Instrumentation 
Division of Costain-John Brown Ltd. has 
been opened in Manchester. This office 
is under the charge of Mr. W. Brown. 
Address of the new office is: Jaffrey’s 
Chambers, 63 Brown Street, Manchester, 
2. Telephone: Blackfriars 5575. 

Five Deuce computers will be in 
Government service by next Spring. The 
latest order for a machine has been 
placed with The English Electric Com- 
pany by the Mechanical Engineering 
Research Laboratories, East Kilbride, 
Scotland, which is part of the Depart- 
ment of Scientific and Industrial Re- 
search. The D.S.LR. is the third or- 
ganisation to purchase a second Deuce, 
since, in addition to the twin installa- 
tion at Farnborough, there are also two 
machines at work for The Bristol Aero- 
plane Company. 

British Th Houston has received 
a contract valued at nearly £100,000 for 
the largest blast furnace turbo-blower 
supplied by the company for installation 
overseas. The order, which also includes 
condensing plant, is for the Algoma 
Steel Corporation of Canada and was 
received through’ British Thomson- 
Houston Co. (Canada) Ltd. of Toronto. 

The Minnesota Mining and Manufac- 
turing Company Ltd. announce the com- 
pletion of a new seven-storey office 
block at Wigmore Street, London, W.1. 
which will be known as 3M House (Tele- 
phone: HUNter 5522). 

The Metal Box Co. Ltd. and E. Ship- 
ton & Co. (Holdings) Ltd. announce that 
arrangements have been completed for 
the acquisition by Metal Box of the plas- 
tics bottle business in the United King- 
dom of E, Shipton & Co. Ltd., who have 
been marketing these products through 
Industrial Appliances Ltd. 

An order for the design of a large-scale 
polystyrene plant in Poland has been 
awarded to Petrocarbon Developments 
Ltd. The value of services and equipment 
supplied from Great Britain will be ap- 
proximately £350,000; in addition, a sub- 
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stantial portion of the equipment will be 
manufactured locally. 

Insurance and Companies Department 
of the Board of Trade has moved from 
Lacon House, Theobalds Road, London. 
W.C.1, to Horse Guards Avenue, White- 
hall, London, $.W.1 (telephone TRAfal- 
gar 8855). The Bankruptcy Department 
Headquarters and Companies Inspection 
and Liquidation Branch remains at Lacon 
House. 

The whole project of the International 
Synthetic Rubber Co. Ltd.. at Hythe. 
Hampshire, should be completed in the 
latter part of next year, Mr. G. E. Behar- 
rell, chairman, told the shareholders at 
the company’s recent annual general 
meeting. 

Megator Pumps & Compressors Ltd. 
announce that extra premises have been 
acquired at 6 Carlos Place, London, W.1. 
All correspondence should continue to be 
addressed to the head office at 43 Berke- 
ley Square, W.1. 

Work is nearing cempletion on the 
fundamental research laboratory which the 
Triplex group of companies is establish- 
ing at Holly Grange, Balsall Common, 
Warwickshire. The laboratory will be in 
the charge of Mr. K. J. B. Wolfe. 

The Industrial Fan & Heater Co. Ltd., 
a member of the Simms group of com- 
panies, has opened a new branch works 
at Dawley Brook, Stourbridge, Worcester- 
shire. 

Lincoln Electric Co. Ltd. celebrated 
their twenty-first anniversary by opening 
new works and offices covering eleven 
acres in Welwyn Garden City, Hertford- 
shire. 

Electrothermal Engineering Ltd. has 
taken over a further manufacturing unit 
in the Southend area equivalent to an- 
other 10,000 sq. ft of space. 

A conference on high polymers will be 
held at Nottingham University from July 
21 to 24, 1958 under the auspices of the 
Macromolecular Commission of the 
International Union of Pure and Applied 
Chemistry. It is being organised by a 
British committee under the chairman- 
ship of Dr. H. W. Melville, F.R.S.. 
Secretary of the D.S.IL.R. The Conference 
will have two main themes--Reaction 
Mechanism and Kinetics: and Physical. 
Thermodynamic and Mechanical Proper- 
ties, and it is intended that about 20 
papers each describing original work in 
each section shall be presented 

The Central Electricity Authority's 
plans for the construction of a_ pilot 
power station to operate in conjunction 
with the National Coal Board’s under- 
ground gasification project have been 
approved by the Minister of Power. The 
station, which is to be a_ temporary 
estabishment, will be built at Newton 
Spinney, Derbyshire, and will contain 
one 3,750 kilowatt turbo-generator and 
an associated boiler. The site is to be 
returned to its present state by the end 
of 1967. 


ing plant, electrical fractional horse- 
power motors and a variety of electrical 
subsidiary power instruments have re- 
cently been referred to the Restrictive 
Practices Court. The agreements on 
pumps and pumping plant relate to the 
fixing of minimum prices and preferen- 
tial discounts, and standard conditions of 
sale and contract. 


Coming Events 


Home 

September 23. Conference on Auto- 
matic Measurement of Quality in Process 
Plants, organised by Society of Instru- 
ment Technology: At University College, 
Swansea, until September 26. 


September 24. Society of Chemical 
Industry Conference on “Industrial 
Chemistry and Graphite’: At the Wil- 


liam Beveridge Hall, London University, 
until September 26. 

October 1. Open days 
Research Laboratory: At 
Middlesex, until October 3. 

October 2. Meeting of the Institute of 
Petroleum at which a paper will be pre- 
sented by S. W. J. Wallis and D. S. 
Townend on “Modern Trends in the 
Instxi.:nentation of Refinery Process’. 

Octoner 4. Informal symposium on 
“Column Packings for Gas Chromato- 
graphy”, organised by the Gas Chro- 
matography Discussion Group of The 
institute of Petroleum: At Cambridge 
University, until October 4. 

October 8. Festival of Films in the 
Service of Industry: At Harrogate, until 
October 12. 

October 14. Symposium on “Safety in 
the Chemical Industry”, organised by the 
chemical engineering group of the S.C.1., 
London Section: At Royal Institution, 
Albemarle Street, until October 15. 

October 14. Start of National Aniti- 


of Chemical 
Teddington, 


Corrosion Week. Includes a Corrosion 
Exhibition and Convention: At Royal 
Horticultural Society's Old Hall, and 


Central Hall, Westminster, respectively, 
until October 19. 


Overseas 

September 21. Congress on Inter’ 
national Scientific Film Association: A‘ 
Amsterdam, Netherlands, until Septern * 
ber 27. 

September 22. International Gas C0" 
ference: At Rome, Italy, until Sep¢™- 
ber 25. 

September 23. Chemistry and Tech- 
nology of Selected Modern § ynthetic 
Resins for Surface Coatings: At Lucerne. 
Switzerland, until September 27. 

September 25. The 30th International 
Congress of Industrial Chemistry: At 
Athens, Greece, until October 2. 

October 3. Meeting of European 
Federation of Chemical Engineering: At 
Zurich, Switzerland. 

October 9. High Vacuum Technology 

-The 4th Annual Symposium: At Hotel 
Somerset, Boston, Mass.. U.S.A., until 
October 11. 
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The versatile STEEL-SHAW 
machines can help you achieve a 
new ‘high’ in output—with greatly 
reduced production costs. 


HIGH SPEED 
BALL MILLS 
MARK 1 


10—70 times faster, depending 
upon material, than an ordinary 
mill—you can submit 
specimens the same day! All 
formulations can be identically 
matched in bulk production. 
Up to 4 different materials or 
formulations (24 pts. per pot) 
can be produced simultaneously 
if desired. No cleaning between 
runs—by removing pots and 
substituting freshly-charged 
ones, you get full production 
for almost the whole period. 





BALL MILLS 
for dispersing, 
grinding, or mixing 
chemicals, paints, 
inks, vitreous enam- 
els etc., Porcelain, 


: 


Silex or special linings. 





PORCELAIN 
POT MILLS 


One to nine—pot 
units. For lab. or 
small batch produc- 
tion. 





CONE 
BLENDER 


from the range of STEEL-SHAW 
mixing plant. 





there’s a 


answer to YOUR problem 
whether it be mixing, grinding or dispersion 
For full technical data write to: 
STEELE & COWLISHAW LTD., Dept. BCE.1 
Cooper St., Hanley, Stoke-on-Trent. Tel. 23333 (5 lines). Telex. No.36-530 
London Office: 329 High Holborn, London, W.C.1. Tel HOLborn 6023 
(ndh)10131 
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